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This is the first mission operations status bulletin issued by the Viking Project. These 
bulletins will initially be issued biweekly to report on the progress of the mission 
operations test activities leading up to launch and to gain experience in the logistics 
of their publication. The bulletins will be issued more frequently as the test activities 
proceed. 


The Mission Support Areas in the VMCCC were occupied by the Viking Flight Team (VFT) 
on schedule on March 15, 1975, The testing activities have commenced and, in general, 
are progressing on schedule. 


I. Team Group and Directorate Training 


Test & Training 


The first OPAG exercise in the MSA took place on Friday, March 21, 1975. 
The exercise consisted of Part one of the two part OPAG Data Flow Evaluation 
Test (DFE). 


A number of problems were uncovered during the course of the test and when 
practical, the problems were corrected in near real time. "Gripe Sheets" were 
kept which will be used for follow-up prior to part two of the OPAG DFE Test. 
Support from the VO simulation system and the MTCF were excellent. 


2. S/C-FOS Compatibility Tests 


The Lander Plugs Out Test was successfully completed on March 13, 1975. 
Plans have been completed to support the Flight Events Demonstration, VO 
Precount, VL Prelaunch and Terminal Countdown Demonstration Tests with the 
flight spacecraft at the Cape the week of March 31, 1975. 





3. Ground Data System Testing 


GDS Test 2.7 was conducted on March 23, 1975 with partial success. 
It has been rescheduled for March 31, 1975 to complete the sequences. 


GDS Test 1.4 was successfully completed and all objectives were met. 
GDS Test 2.1 was satisfactorily completed. 


4, VMCCC/DSN System Integration Testing 


The SITs with the Goldstone stations have been completed. The SITs with 
DSS-42, 61, 43, and 63 will commence during the month of April 1975. 


5. Deep Space Network Testing 


The DSS-11 personnel are now considered to be operationally trained for Viking. 


OVT Number 6 with DSS-14 is complete. 
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This bulletin is a report on the progress of the missions operations test activities for 


the period from 31 March to 10 April 1975. 


l. 


Team, Group, and Directorate Training 


The Orbiter Performance Analysis Group (OPAG), the Lander Performance Analysis 
Group (LPAG), the Flight Path Analysis Group (FPAG), and the Flight Control 
Group (FCG) participated in the spacecraft-FOS compatibility tests described 
below. This participation provided training for the Viking Flight Team (VFT) 
personnel and support for the tests. 


Additional training exercises were conducted by LPAG in daily analysis of software 
runs to process the data received during the spacecraft-FOS compatibility tests. 


FPAG conducted the first group training in launch of Spacecraft A. 
S/C -FOS Compatibility Tests 


The Spacecraft to Flight Operations System (FOS) Compatibility Tests, consisting of 
the Flight Events Demonstration (FED), Viking Orbiter Precount, the Viking Lander 
Capsule (VLC) pre-launch checkout, the Viking Launch Vehicle Thermal Countdown 
Demonstration, and Flight Compatibility Test (FCT-3) were all successfully completed 
and supported by the Flight Operations System (FOS). The FOS consists of the 
Ground Data System (GDS) and the Viking Flight Team (VFT). No incompatibili- 
ties were found. 


Plans are under way to support FCT-4 (UHF relay) and FCT-1 (post-landed S-band 
pass). 


Ground Data System Testing 


GDS test 2.7 retest was conducted on 31 March with partial success. Another 
retest will not be scheduled. The significant untested capabilities will be incor- 
porated in GDS test 2.6, 





The Planetary Verification Tests (PVTs) consisting of GDS tests 9.2 and 9.3 were 
rescheduled to accommodate changes to the Orbiter Simulation (OSIM) delivery 
schedule. The OSIM schedule change was necessary because of unexpected diffi- 
culties in development and test of the software. 


VMCCC/DSN System Integration Testing 


The System Integration Test (SIT) with DSS-42 was conducted on 6 and 7 April. 
All objectives were met and the retest with DSS-42 was cancelled. 


The SIT with DSS-63 will be on 19 April. 
Deep Space Network Testing 


The Deep Space Network (DSN) is planning to conduct two Operational Verification 
Tests (OVTs) with DSS-11 and 14 specifically to check out failure modes. 


DSS-11 and 14 supported GDS Test 2.6. This test was incomplete because FCT-3 
ran late and insufficient time was available to finish GDS 2.6. The portion com- 
pleted was successful and the test will be rescheduled without DSS-11. 
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SPACECRAFT PRELAUNCH OPERATIONS 


Viking Spacecraft prelaunch operations have sustained a high level of activity at 
the Eastern Test Range/Kennedy Space Center (ETR/KSC) since the arrival of 
the first flight hardware, The intricate task of assembling, mating and testing 
the two spacecraft is following a carefully developed integrated plan to assure 
that every contingency has been covered. Preparations for two closely timed 
launches have to be given special attention and care to make certain that no 
schedule conflicts will occur. So far, everything has worked according to plan. 


The first Viking flight hardware arrived at ETR/KSC in November and December 
of last year. It consisted of the Titan Core Vehicle (liquid rocket stages), the 
Solid Rocket Motor components (booster stages) and the Centaur launch vehicle; 
all were as close to flight configuration as practical when delivered. The Centaur 
Standard Shroud (the ''nose cone'' to protect the Orbiter and Lander during ascent 
through the Earth's atmosphere) was delivered ready for installation of bolt-on 
items, electrical harnesses, instrumentation transducers and insulation, The 
Launch vehicle designated for the first mission (in this case, LV-B) immediately 
went into final preparations for pre-cursor and mating tests held during the first 
part of April. 


The first Viking Lander Capsule (VLC-1) arrived on January 4 and, after receiv- 
ing inspection and tear down to a landed configuration, and verification testing, 
proceeded into a period of testing to check the compatibility of its S-Band radios 
with the Deep Space Network (DSN) receiving and data processing equipment, 

This was followed by a period of last-minute modifications, made on the basis of 
test results, installation of the Radioisotope Thermal Generators (RTG's) used to 
power the Lander, and final buildup in preparation for mating tests with the 
Orbiter and Launch Vehicle. 


Meanwhile, the first Viking Orbiter (VO-l) arrived on February 11, also went 
through receiving inspection, verification testing and DSN compatibility testing, 
and was prepared for the mating tests. 


Up to this point in the project, the flight Lander and Orbiter were never physic- 
ally or electrically in direct contact with each other, having been assembled over 
1000 miles apart, VO-1 and VLC-1 were mated for the first time on March 8 and, 
in testimony to the close coordination maintained since inception, everything fit 
perfectly. More than two weeks of interface and system testing proved that the 
two systems would indeed ''play together'' during the mission, 





The next hurdle in the extensive test program involved encapsulating the VO/VLC 
assembly inside the Centaur shroud on March 27, running additional tests and 
preparing to move the whole unit to Launch Complex 41 (LC-41), where the 
launch vehicle stood assembled. The encapsulated spacecraft was hoisted and 
mated with the Titan III-D on March 3l, and the tower was rolled back from the 
vehicle to coduct additional tests on the 159-ft (48.5 m) high assembly. These 
tests included a Flight Events Demonstration, VO Precount, VL Prelaunch and 
Terminal Countdown, All were successfully completed. 


The VO/VLC was then demated from the launch vehicle and returned to the 
Spacecraft Assembly and Encapsulation Facility (SAEF), where two Flight 
Compatibility Tests (FCT-3 and FCT-4) were conducted with the Lander and 
Orbiter, This was followed by FCT-1 on the Lander alone, The Viking Flight 
Team monitored these tests from the Viking Mission Control and Computing 
Center (VMCCC) in Building 230, with communications for telemetry and 
spacecraft commands being provided by the DSN. 


At this point, the second Orbiter (VO-2) and Lander (VLC-2) have been coming 
along so well in their tests that it became feasible to complete assembly and 
testing on both in time to have this combination also available for the first 
launch on August 11. Thus, it is now possible to use either VO/VLC assembly 
for either launch, providing even more confidence in the mission's success, 


MISSION OPERATIONS TEST AND TRAINING 


During the week of April 14, two Flight Compatibility Tests (UHF Relay and 
Lander post-landed S-Band pass) were completed, Real-time data was relayed 
from the VL and VO at ETR and the spacecraft was commanded from VMCCC, 
None of these tests, to date, have revealed any incompatibilities while using 
this real-time data, The next test in the compatibility series is the POT-1 
(Plugs-out test), scheduled for May 9, In this test, the Lander is disconnected 
from any outside source of power and is allowed to operate independently, while 
receiving commands and transmitting telemetry data, 


The Orbiter Performance and Analysis Group (OPAG) participated in seven 
separate tests during the past two weeks, affording the group members some 
excellent training. Presently, OPAG has at least one test exercise scheduled 
each week for the next several months, Sequencing and Command Generation 
Training exercises continued, using flight-like procedures and time-lines, 


Ground Data System (GDS) testing with the Goldstone stations continued, The 
first Planetary Verification Test (PVT) will be GDS 9.3, on April 28, where 
multiple data streams will be fed into the system. 


The Flight Path Analysis Group (F PAG) conducted a preliminary midcourse 
maneuver exercise on April 14, The exercise was so successful that the final 
test planned for this design was cancelled, 


System Integration Tests (VMCCC/DSN) with the Deep Space Station in Spain 
have been started and have been successful up to this time. 
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SPACECRAFT PRELAUNCH OPERATIONS 


The rescheduling effort on the second flight Orbiter and Lander (VO-2/VLC-2) 
was completed and approved, which will allow assembly and testing of this 
combination in time to be available for the first Viking launch on August 11. 
Presently, operations at the Eastern Test Range are progressing in accordance 
with the changed schedule. 


Since VO-1 and VLC-1 were demated after Flight Compatibility Testing, each 
system has been undergoing extensive testing and final mechanical assembly. 

VLC-1 was readied for the important Plugs-Out Test (POT-1) on May 6, when 
the Lander would be tested as an independently operating system. The test was 


postponed to May 8, however, because of a grounding problem that was quickly 
corrected and verified, 


Installation of the VLC-2 Radioisotope Thermal Generators (RTG's) was com- 
pleted on May 6. The battery simulator was removed at that time in preparation 
for installing the flight batteries, 


VO-1l is presently undergoing final mechanical assembly, as the flight subsystems 
become available after individual reworking, Ultimately, VO-1 will be built up 
again to a system test configuration and will be prepared for launch, 


Initial system testing was completed on VO-2 on May 5, and Orbiter block 
validation tests are presently being performed on the assembly, All Solar 
Panels for VO-1 and VO-2 have been assembled and swing tested; the panels 
are now awaiting buildup of the low pressure gas system used to activate the 
attitude control nozzles on the tips of the panels, after which a final swing test 
will be performed, 


MISSION OPERATIONS TEST AND TRAINING 


Ground Data System testing with the Goldstone stations continued. The first 
Planetary Verification Test was conducted on April 28, The test, GDS 9.3, was 
not entirely successful and a retest was scheduled for May 5. This time, the 
principal results were satisfactory; one problem, concerning the ability of 

the Deep Space Network (DSN) to replay digital and analog original data records, 





was identified, which will require a retest before June 16, The next test in 
this series, GDS 9.2, is scheduled to be run on May 12 and will further check 
out the Ground Data System in the Planetary Configuration when following a 
mission timeline, 


The Sequence Development Group has been active in generating the Sequence 
of Events (SOE's) for numerous Viking tests. Most recently, the group devel- 
oped the SOE for the Lander Plugs-Out Test and is presently in the process of 
generating SOE's for the forthcoming series of Flight Operations Personnel 
Test and Training (FOPT&T) exercises (i.e., VT-1A, VT-2 and VT-3), The 
group also completed the SOE for the GDS 9,2 test, and computer utilization 
schedules for GDS tests 9.2 and 9.4, Final plans have been developed for the 
GDS 9.4 test, to be conducted during the Memorial Day weekend, This test 
will assess the performance of the Viking software when operated in accord- 
ance with a Viking planetary timeline, 


The Flight Path Analysis Group (F PAG) ran three exercises in its continuing 
training program; two tests covered normal midcourse maneuvers for the 
spacecraft, and one test exercised the plans for an early, or emergency type 
of midcourse maneuver. 


The Orbiter Performance Analysis Group (OPAG) attempted to run a launch 
exercise, but problems in initializing the Orbiter Simulation (OSIM) computer 
program caused the exercise to be rescheduled to May 8, Several training 
exercises to generate simulated commands and spacecraft sequences were 
successfully accomplished, 


The Flight Control Group continued to support all of the group training 
exercises, 
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SPACECRAFT PRELAUNCH OPERATIONS 


Buildup and checkout of both Viking spacecraft is proceeding in accordance 
with the latest schedules, All flight equipment, except the Gas Chromatograph/ 
Mass Spectrometer (GCMS) has been installed on the VLC-1 Lander and prep- 
arations are being made to apply power to the system for additional checkouts. 
The VLC-2 Lander is being prepared for mating with its protective aeroshell. 


The VO-1 Orbiter is presently undergoing System Readiness Testing, witha 
DSN Compatibility Test scheduled for May 27-29, Flight preparations are 
continuing on the VO-2 Orbiter, with the High Gain Antenna presently being 
readied for installation. 


During the past week, the ESA-60 building was struck by lightning and the 
induced currents damaged two pressure transducers on the Orbiter Propulsion 
Module S/N-005, This module was slated for the first launch and a decision 
was made not to fly this unit. Instead, S/N-006 (set up for the second launch) 
will replace it and the Spare Module will be designated for the second flight. 
The damaged unit will have the propellants unloaded, will be refurbished and 
reloaded to become the new Flight Spare, 


MISSION OPERATIONS TEST AND TRAINING 


Ground Data System testing with the Deep Space Stations continued. GDS Test 
3.4, with DSS 61 (Madrid 26-meter antenna) was conducted on May 13 and was 
highly successful, A similar test was conducted with DSS 63 (Madrid 64-meter 
antenna) on May 17 with good results. GDS Test 9.2 was run on May 12 to 
check out the system in the planetary configuration when following a mission 
timeline, anda repeat of this test was run on May 19. Part A of the GDS 9. 2R, 
the real-time portion, was marginally successful; Part B, the non-real-time 
portion, was successful. GDS Test 9.2 was run during the Memorial Day week- 
end; this was a computer test to see if the system could handle a full load of 
data, and included analyses of data from the Orbiter, Lander and tracking 
stations, 





The Orbiter Performance Analysis Group (OPAG) and the Spacecraft Control 
Group (SCG) participated in a Launch A and a Midcourse Maneuver exercise 
with good results, The Lander Performance Analysis Group (LPAG) completed 
their Team Group Directorate training with a GCMS bakeout exercise, a GCMS 
event, and a battery conditioning exercise, The Lander Science Group partici- 
pated in these tests. The Flight Path Analysis Group (F PAG) is continuing 
with their launch and midcourse maneuver training, The Sequence Development 
Group (SDG) completed reviews on the Sequence of Events (SOE's) for the 
Launch and Cruise Verification Tests VT-l1A, -2, -3 and -4. The SDG also 
participated in GDS Tests 9.2, 9.2R and 3,4; this involved running the 
Combined Orbiter and Lander Event Sequence (COALES) computer program 

as it would be during the mission, 


The System Level Flight Operations Personnel Test and Training (FOPT&T) 
exercises start on May 30. The first exercise, Verification Test VT-1A, 
covers the Mission A launch, These tests are conducted weekly between 
May 30 and the first launch on August ll. 
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SPACECRAFT PRELAUNCH OPERATIONS 


Buildup and checkout of the Viking spacecraft is proceeding on schedule, despite 
the numerous thunderstorms and lightning alerts that interrupt operations, 

Safety regulations at ETR stipulate that all activities be halted whenever a 5-mile 
lightning alert is declared; this is done to protect both the hardware and personnel, 


The VLC-1 Lander had power applied to the system for additional checkouts, 
Ordnance installations on the Lander and aeroshell were completed, static 
alignments were performed, and the Lander was mated with its protective aero- 
shell on June 5, Weight and center-of-gravity measurements were completed on 
June 6, 


The VLC-2 Lander and aeroshell were mated on May 28 with weight aad center- 
of-gravity measurements completed On  gummpmes 

June 2, Cleaning and preparations for 
installation of the base cover was com- 
pleted on June 5, with final installation 
started the next day. This will be fol- 
lowed by installation of the bio-shield 
cap and a Pre-Sterilization Short Test, 


The Orbiter VO-1/DSN Compatibility 
Test was completed on May 29, and an 
additional Electromagnetic Compatibil- 
ity test was run the following day. An 
end-to-end Orbiter/VMCCC Computer 
Command Subsystem Software Test was 
completed on June 2, and system test- 
ing is continuing. 


VO-2 final flight preparations continued | 
with installation of the temperature con- | 
trol louvers and protective covers and 
the thermal blankets. The system was 
moved to ESA-60 on May 31, where it 
was mated with its propulsion module 
and powered up for propulsion inter- 





VLC-1 and VO-1 mated during 
Flight Compatibility Testing 





face tests. The VO-2 flight batteries are being charged up to their full 
capacity for the flight, | 


MISSION OPERATIONS TEST AND TRAINING 


The first system level Flight Operations Personnel Test and Training (FOPT&T) 
Verification Test VT-1A was run successfully on May 30. The next test in the 
series, VT-2, was run on June 6 and 7, VT-3 is scheduled for June 12, 


The Ground Data System test (GDS Test 9.4), conducted over the Memorial 
Day weekend, was generally successful in that the statistical data sought was 
obtained, Qualitatively, the computer utilization schedules used during the 
test were completed in somewhat less time than predicted, GDS Test 3.4 with 
Deep Space Station 42 (the 26-meter antenna in Woomera, Australia) was run 
successfully on May 27. However, the maser on the antenna was not in the 
required configuration, anda portion of the test was re-run successfully on 
June l, 


The Viking Project Software Readiness Review was held at JPL on June 2-4, 
to certify the readiness of the flight and ground system software for launch, 
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FIRST LANDER STERILIZATION SUCCESSFUL 





: 4 m 


The first of the two Viking landers being moved into the sterilization chamber 
at Kennedy Space Center, The lander portions of the Viking spacecraft are 
sterilized by swirling clouds of heated nitrogen gas at a temperature of approx- 
imately 235°F for 40 hours, The sterilization process is designed to prevent 
contamination of the life-seeking experiments on the lander as well as protect 
the Martian surface from living organisms from the Earth, 

(More details on other side, ) 





The Viking VLC-2 Lander successfully completed its all-important sterilization 
cycle late last week and has completed its Post Sterilization Short Test to verify 
that all subsystems are functioning properly. A number of minor anomalies 
occurred during this testing; some are understood and others are being investi- 
gated, Overall confidence is high that the Lander is in good shape, 


While the post-sterilization testing was being conducted, the VLC-1 Lander was 
moved into the sterilization chamber and readied for its testing. However, a 
program constraint stipulated that heating could not begin until a certain number 
of post-sterilization tests were successfully completed on VLC-2, This being 
accomplished, VLC-1 began its sterilization cycle on June 20. The baking was 
completed on June 22 and post-sterilization testing is expected to start on this 
unit today, 


On the Orbiter side, all formal system testing was completed on VO-1 and the 
move to ESA-60 for final flight preparations is now scheduled for June 30, 
VO-2 was placed on the transporter and was mated with the spacecraft adapter; 
this adapter is the tubular trusswork that mounts the Orbiter/Lander assembly 
on top of the Titan III-D launch vehicle, Following some special relay radio 
tests, the unit will be moved to SAEF-2 on June 26, where it will be prepared 
for final mating with VLC-2, 


System level flight operations test and training continued with the series of 
verification tests, VT-3 was run successfully on June 12 and checked out the 
segment of the mission that included the launch of Spacecraft B while Space- 
craft A is in the cruise mode, All verification tests up to this point were classi- 
fied as ''Short-Loop,'' in that the data, commands, etc., never went outside 

the SFOF, VT-4, however, did require data exchanges between JPL and the 
tracking stations at both the Goldstone and Spain locations, This test, success- 
fully run from June 13 through June 20, checked out the design and execution of 
a Spacecraft B midcourse maneuver, while Spacecraft A remained in cruise. 


During the period covering June 10-18, the Deep Space Network ran a series of 
ten successful Operational Verification Tests on the 26-meter antennas at 
Goldstone, Spain and Australia. 
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The VLC-2 Lander was mated with the VO-2 Orbiter and became the Viking A 
Spacecraft, Cabling interconnections were made between the two systems and 
they were prepared for additional testing, which included a VO Precountdown 
(run on July 3) and a Spacecraft RF Compatibility test (run on July 7). Numerous 
other tests are scheduled before final encapsulation inside the shroud, on July ll. 


The VLC-1 Lander completed its sterilization cycle and testing during the week- 
end of June 30. Some anomalous behavior was noted in the Gas Chromatograph/ 
Mass Spectrometer (GCMS) instrument after sterilization, but additional testing 
verified that there was no failure and the problem is fully understood, Operations 
are now proceeding toward loading propellants on July 9 and 10. 


The VO-1 Orbiter was moved from the AO Building to ESA-60 on July 2 and was 
mated with its propulsion module the following day. Final flight preparations 
will continue for the next several weeks, 


The first VMCCC/DSN System Integration Test (SIT), with DSS 12 at Goldstone, 
was conducted on June 27. DSS 12 is the first of the three stations in the second 
26-meter subnet that is being readied to support the first launch. All SIT and 
Ground Data System tests with DSS 12, 44 (Australia) and 62 (Spain) will be 
conducted between now and July 25. 


Verification testing continued with VT-1B, on June 25. This test covered the 
launch of Viking A and was ''Long-Loop" using the MIL-71 tracking station at 
Kennedy Space Center, with the real time computing system at ETR feeding data 
to the Viking Mission Operations area at JPL. DSS 42 in Australia was also used 
in the test, since this station will be responsible for the initial acquisition of the 
spacecraft after launch, The launch portion of the test was successful. As part of 
the exercise, an early Centaur rocket engine cutoff was simulated, necessitating 
an early emergency maneuver by the Orbiter. The planning and execution of this 
maneuver provided the Flight Team with a method to prove their readiness to 
cope with such a contingency, Demonstration Test DT-2, run on July 2, process- 
ed uplink commands through the Orbiter to the Lander to initiate a cruise check- 
out, Data was received and processed satisfactorily. However, the test indicated 
that additional work is required to have the Flight Team ready to conduct a real 
cruise checkout; this work has been scheduled to start on July 10. Anomaly test- 
ing will begin on July 10, where spacecraft and ground data system anomalies will 
be introduced for Flight Team resolution, 








FIRST FLIGHT ORBITER/LANDER MATED 


Lander capsule being lowered into position atop Orbiter to form Viking A Space- 
craft. Heavy lines leading into capsule carry coolant for radioisotope thermal 
generators that provide electrical power for Lander. Protective shroud (nose 
cone) is to left and behind Viking A and will cover entire spacecraft during launch 
through Earth's atmosphere; it will be jettisoned 269 seconds after liftoff, 
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July 29, 1975 


The Viking A Spacecraft was mated to the Titan III-D Launch Vehicle on July 28 
at Launch Complex 41 in Florida, Final checkouts are underway and all looks 
good for the first launch at 1:59 p.m., local time, on Monday, August 11. 


> 


Viking B was encapsulated on July 24 and is now ina planned holding mode 
until its turn to mate with the second launch vehicle and undergo final launch 
checkouts; the second launch is scheduled for August 21. 


The Viking Launch Readiness Review was conducted at Kennedy Space Center 
on July 22-23. After reviewing all of the remaining open items, the Mission 
Directorate agreed that all is ready for launch. 


In the Viking Mission Control area, Demonstration Test DT-3 was conducted 
during the week of July 13. This was a long, 50-hour cruise operation test that 
culminated in a mock midcourse maneuver for Viking B. The test allowed the 
Flight Team personnel to experience the typical around-the-clock operation 
that will be prevalent during cruise. Anomalies were also introduced into the 
test for resolution by the Flight Team. This test showed that the team is ready 
for the long operations during the cruise period. Demonstration Test DT-1 was 
a 3-part exercise, conducted on July 25-26, as a precursor to the Operational 
Readiness Test scheduled to be run at ETR on August 6. The first part covered 
the launch of Viking A (Spacecraft power-up to Launch + 6 hr) and included 
participation of the Near-Earth tracking stations; these stations relayed data 
to MIL-71 at ETR, where it was sent to JPL for processing successfully. The 
second part of DT-1 covered the midcourse of Viking A. The third part of the 
test was conducted at the request of the DSN, where a Lander memory readout 
sequence was performed in preparation for the actual operation scheduled for 
the second day of the mission; this was also successful, Training Test TT-1 
was conducted on July 10 anda retest run on July 28 because of simulation 
difficulties, This was a Viking A midcourse exercise with anomalies introduced, 
and the retest successfully resolved both the difficulties and anomalies, 


With the conclusion of these Viking training activities, the Viking Flight Team 
is now prepared to demonstrate that they are ready for launch during the 
Operational Readiness Test, 





The following is a compilation of significant events planned for Viking in the 
immediate future: 


July 29 
July 30 
August 
August 


-31 


| 
re 


August 5 
August 6 
August 7-8 
August 9 


August 
August 
August 
August 


August 


August 


August 


Ld 
13 
14 
LD 


16-18 


19 
ral 


Orbiter Mission A Precountdown on launch stand at ETR 
Lander Computer Prelaunch Checkout 
Mission A Composite Electrical Readiness Test 


Install Super Zip on Viking A Shroud (Super Zip is a 
linear shaped explosive charge used to separate the 
clamshell halves of the shroud after launch, ) 


Install Ordnance on Viking A 

Perform Orbiter Countdown/Operational Readiness Test 
Load Propellants into Launch Vehicle 

Connect Ordnance on Viking A 

LAUNCH VIKING A MISSION 

Viking B Final Mate with Launch Vehicle 

Mission B Composite Electrical Readiness Test 


Install Ordnance, Super Zip & Perform Orbiter Pre- 
countdown 


Lander Computer Prelaunch Checkout & Load Propellants 
into Launch Vehicle 


Viking A Midcourse Maneuver 


LAUNCH VIKING B MISSION 








BUTTONING UP 


Viking A takes a last look at its Earth-bound creators before 


being sealed inside its protective shroud, Viking B was sim- 


ilarly encapsulated on July 24, 








THE MATING GAME CONTINUES. .. 


The Lander and Orbiter for Viking B, as they looked during their 


mating operation on July 2l. 
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August 20, 1975 


Sa 


VIKING A SET FOR LAUNCH 


After a week beset by numerous problems, Viking A is now set for another 
launch attempt this afternoon at 2:22 p.m. PDT. Live TV coverage of the 
launch will be provided in selected areas of the Lab for employees and contrac- 
tors, 








To recap the events of the last week, Viking's first problem occurred at T-115 
minutes on August ll, the original launch date. A thrust vector control valve 
on the Titan solid rocket booster stage did not respond properly during check- 
out and the launch had to be "scrubbed" for that day. These valves are critical 
components during initial liftoff because they help maintain directional control 
on the launch vehicle, Minute corrections performed seconds after liftoff can 
greatly affect the vehicle's ultimate location when thousands of miles down- 
range, 


On liquid rockets, this control is usually accomplished through gimbals on the 
thrust chambers (nozzles) that allow them to swivel a small amount in response 
to commands from a pre-programmed computer in the upper stages. On solid 
rockets, however, the nozzles are installed in a fixed position, making it nec- 
essary to use another method, In the case of the Viking launch vehicle, direct- 
ional changes are accomplished by a set of 24 valves arranged around the throat 
of the solid rocket nozzle that injects nitrogen tetroxide (N20O4) into selected 
areas of the rocket exhaust stream in accordance with commands from the com- 
puter, The N20O4 is under very high pressure (1400 psi) and causes the stream 
to deflect slightly in the nozzle, imparting an off-center thrust vector; hence, 
the name ''thrust vector control, "' 


It was decided to remove and replace the faulty valve and to reschedule the 
launch as quickly as possible, Fortunately, the Centaur stage had not been 
fueled at this point in the countdown; it uses liquid oxygen and liquid nitrogen 
for propellants, and any delay in the launch after loading would have meant that 
the Centaur would have to be unloaded and removed from the vehicle. As it was, 
the valve changeout involved unloading and purging the N204 tanks on the solid 
booster, which consumed several days. The valve was replaced and checked 
out, and the launch rescheduled for August 14. 


On August 13, when JPL technicians were preparing to charge the Orbiter bat- 
teries, it was discovered that the batteries had fallen from their normal charge 
of 37 volts down to 9 volts. The batteries had been drained because a motorized 





rotary switch aboard the Orbiter was turned on sometime after the launch post- 
ponement on Monday, August ll. The switch should have remained in the off posi- 
tion until 7 minutes before launch and it is not known yet how the switch was 
closed, 


At that point, it was decided that the entire Viking A spacecraft would have to be 
removed from the launch vehicle and returned to the SAEF for de-encapsulation 
and Orbiter troubleshooting, At the same time, the Viking B spacecraft, which 
had been in its planned holding mode, would be moved to the launch complex and 
be prepared to replace its ailing mate for the Viking A mission, As of this writing, 
all work involving erection and mechanical/electrical mating was completed on 
schedule and the sequence of events is following the compilation shown in Status 
Bulletin No, 9. 


The drained batteries in the VO-2 Orbiter were removed and replaced with new 
flight-qualified units and extensive checks were made on each subsystem to assure 
that the low voltages did not cause any damage to the Orbiter electronics. Work 
plans were approved on August 15 that will support the first midcourse maneuver 
on the Viking A on August 27, anda planned Viking B launch on Monday, Sept- 
ember 1 (Labor Day), at 11:50 a.m. PDT. 


After the launch was delayed, the Viking Flight Team (VFT) actively participated 
in the rescheduling activities for the first and second launches, The VFT support- 
ed the spacecraft tests for Mission A at ETR; they included the VO Precount, 

VL Prelaunch and the Orbiter Flight Data Subsystem update, performed during 
the period between August 16 and 19. 


Deep Space Network (DSN) and VMCCC testing continued during this period, first, 
to make doubly sure that all was ready and, secondly, to keep the VF T sharp. 
During the time from July 30 to August 9, and before the original Mission A 
launch date, all of the Deep Space Stations accomplished an 18-hour Configuration 
Verification Test (CVT). DSS 44 also completed a second CVT that lasted 6 hours, 
and supported an Operational Readiness Test with DSS 42, Since the Mission A 
launch slipped, a contingency launch preparation plan was used in the following 
tests run between August 17-19: 


- An Operational Verification Test with DSS 11, 43 and 61 
- An Initial Acquisition Test with DSS 42 
- A CVT with DSS 42 and 44 


The VMCCC supported all VF T activities between August 11-20; in addition, 
institutional operational procedures were sharpened in preparation for the launch 
on August 20, 


At this point, the DSN and VMCCC are "'green'' for the launch of Mission A, 
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VIKING A IS ON THE WAY! 


AFTER A FLAWLESS COUNTDOWN WITHOUT ANY DELAYS, VIKING A LEFT 
THE LAUNCH PAD AT ETR EXACTLY ON TIME, AT 2:22 PM PDT, EVERY 
ASPECT OF THE LAUNCH SEQUENCE WAS NOTED AS BEING NOMINAL AND 
THE SPACECRAFT IS NOW IN ITS INTERPLANETARY CRUISE MODE, THE 
LAUNCH VEHICLE INSERTED THE VIKING INTO ITS PLANNED TRAJECTORY 
SO PRECISELY THAT THE VIKING FLIGHT TEAM WILL NOT HAVE TO 
EXERCISE ITS LAUNCH CONTINGENCY PLAN, LE., IF THE CENTAUR DID 
NOT BURN LONG ENOUGH, THE ORBITER PROPULSION SUBSYSTEM COULD 
BE USED TO IMPART THE NECESSARY EXTRA "KICK" TO GET THE SPACE- 
CRAFT BACK ON THE CORRECT TRACK, 








THE SPACECRAFT SEPARATED FROM THE CENTAUR AS PLANNED, THE 
SOLAR PANELS DEPLOYED AND THE SUN ACQUISITION SEQUENCE STARTED 
SO ELECTRICAL POWER COULD BE OBTAINED FROM THE SOLAR PANELS 
AFTER THE VIKING FLEW OUT OF THE EARTH'S SHADOW, CANOPUS 
ACQUISITION FOLLOWED AT T+1 HR 3 MIN AND THE LANDER BIOSHIELD 
JETTISON OCCURRED 8 MIN LATER, 


THE FIRST MIDCOURSE MANEUVER TO REMOVE LAUNCH BIAS (FOR PLAN- 
ETARY QUARANTINE REASONS) WILL OCCUR IN 8 DAYS, DESPITE THE 
DELAY IN LAUNCH, VIKING A WILL ARRIVE AT MARS ONLY ONE DAY 
LATER THAN ORIGINALLY PLANNED, ON JUNE 19, 1976. 
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VIKING 2 LAUNCHED! 














VIKING 2 LAUNCHED! 


VIKING 2 WAS SUCCESSFULLY LAUNCHED FROM ETR YESTERDAY AT 

1139 PDT AND SUCCESSFULLY ACQUIRED THE SUN AND CANOPUS, ALL 
SUBSYSTEMS ARE PERFORMING NOMINALLY. NOW THERE ARE TWO 
SPACECRAFT ENROUTE TO MARS AND BOTH ARE IN EXCELLENT CON- 
DITION, ALL LAUNCH PARAMETERS WERE DESCRIBED AS COMPLETELY 
NOMINAL, WITH POST-LAUNCH EVENTS OCCURRING WITHIN TOLERANCES, 
INITIAL TRAJECTORY MEASUREMENTS INDICATE THAT THE SPACECRAFT 
WAS INJECTED INTO THE CORRECT PATH THAT WOULD TAKE IT SAFELY 
PAST THE MOON AND ON THE EXPECTED TRAJECTORY TO MARS, AT THIS 
POINT, THE FIRST MIDCOURSE IS PLANNED IN ABOUT 10 DAYS TO CAUSE 
VIKING 2 TO ARRIVE AT MARS ON THE REQUIRED DATE, 


VIKING 1 COMPLETED ITS MIDCOURSE MANEUVER ON AUGUST 27 AND IS 
NOW ON A PRECISION COURSE FOR A RENDEZVOUS WITH MARS ON JUNE 
19, 1976. VIKING PROJECT MANAGER JAMES S, MARTIN REPORTED AT A 
NEWS CONFERENCE THAT, "THE SPACECRAFT IS PERFORMING VERY 
NOMINALLY, AND 1AM HIGHLY PLEASED," 


FUTURE BULLETINS WILL DESCRIBE THE PROGRESS OF THE MISSION AND 
DETAIL THE SCIENCE INSTRUMENTS ABOARD THE VIKING SPACECRAFT, 
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Both Viking spacecraft are operating normally as they travel their parallel 
paths to Mars, Since this is the first status bulletin released since the launch of 
Viking 2 on September 9, an attempt will be made to recap the events leading up 
to that launch and what has happened since that time. Future bulletins will be 
issued ona bi-weekly basis until the first arrival at Mars, 


The Viking 1 spacecraft exchange and launch activities left the VO-2 Orbiter to 
be refurbished and checked out following the discovery of the drained batteries, 
This was done by August 21 and, since no additional configuration changes were 
necessary at that point, the Orbiter was remated with its Lander the next day; 
integrated testing was started on August 23, 


Meanwhile, damage to the launch pad was found to be minimal and the Titan- 
Centaur Launch Vehicle TC-3 was moved into position on August 21 in prepar- 
ation for mating with the spacecraft; liftoff was scheduled for September 1, 


Viking 1 was operating perfectly at this point and the Orbiter rocket engine was 
fired on August 27 to change the spacecraft direction and velocity just enough to 
bring it within the desired targeting area near Mars that would allow its inser- 
tion into orbit, The original aiming point was purposely biased a considerable 
distance from Mars to avoid any possibility of having the spacecraft impact on 
the surface should either Viking be inoperable after separation from the last 
launch vehicle stage, This is done in compliance with an international "planetary 
quarantine'' agreement, wherein a spacecraft out of control could not possibly 
land on another planet and contaminate it with Earth organisms. Since Viking 1 
was under full control, we could safely bring it in closer to Mars and then make 
smaller trajectory corrections later in the flight, 


Back at Cape Kennedy, the Viking 2 spacecraft was undergoing the Orbiter Pre- 
countdown when the receiver sensitivity of the S-Band Radio Subsystem suddenly 
degraded; efforts to isolate the problem, and perhaps work around it, were not 
successful and a decision had to be made to recycle the spacecraft back to the 
assembly building for detailed troubleshooting, The Titan TC-3 was de-fueled 
on August 31 and the Viking 2 spacecraft was demated the following day. 





In the assembly area, all Orbiter radio frequency coaxial hardware was removed 
and replaced with new hardware; this operation was accomplished without having 
to demate the Lander or remove the Orbiter propulsion subsystem, All changes 
were verified and preparations for launch were restarted, The 11:39 AM PDT 
September 9 launch went as scheduled and now there are two Vikings enroute to 
Mars, The Viking 2 trajectory correction maneuver was successfully performed 
on September 19, 


Viking 1 will arrive at Mars on June 19, 1976, only one day later than originally 
planned, Viking 2 will arrive on August 7, 1976, the exact day planned several 
years ago. This making up for lost time was possible by introducing minute 
corrections to the trajectory aiming point, launch vehicle burn durations and 
injection velocities while the spacecraft was still near the Earth, Small trajec- 
tory changes early in the mission will result in big differences after a 460 mil- 
lion mile trip --- it's similar to giving a bowling ball a little extra twist when 
letting go, and watching it curve 12 inches more by the time it reaches the pins, 


Viking operations have settled down to a comfortable routine, with both space- 
craft operating in a normal fashion, The first activity after trajectory correction 
maneuvers was to start checking out the Orbiter science instruments and cali- 
brating the Canopus star tracker, Both pairs of TV cameras checked out ''green, "' 
as did the Mars Atmospheric Water Detector and the Infrared Thermal Mapper. 
In fact, some test TV picture were successfully played back, Other activities on 
the Orbiter included gyro drift calibrations, some signal-to-noise ratio tests 

and radio subsystem threshold tests, All went smoothly. 


The Landers have remained essentially quiescent, except for some science in- 
strument venting sequences and routine tape recorder maintenance activity. 

On October 19, the Viking 1 Lander batteries were given a full charge as part of 
their conditioning for future operations, The Viking 2 Lander initial battery con- 
ditioning was scheduled to start on October 31, but the charger did not turn on 
after the command was transmitted to the spacecraft, Attempts were made to 
start charging another battery, but the charger still did not turn on, After 
several days of detailed analysis, it was decided to attempt to charge the 
Viking 2 Lander Battery B, using the back-up charger aboard, On November 5, 
at 1800 GMT, the charge command was sent to the spacecraft, Approximately 
90 seconds later, Mission Control at JPL confirmed that the charger was acti- 
vated and Battery B was receiving a charge, As of November 7, two of the four 
batteries were fully charged and the third battery was being brought up to its 
full rated power, 
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The Viking Science Test Lander (STL), installed in the Atrium of JPL's 
Von Karman Auditorium, The STL will be used for boom and camera tests 
and can be programmed to duplicate the surface sampler movements of the 


Landers on Mars as an aid to scientists back on Earth, 





Both Viking spacecraft continue to operate normally enroute to Mars. Viking l 
is slightly more than 22 million miles from Earth and Viking 2 is following a 
similar flight path, 3 million miles behind Viking l, 


Subsystem checkouts on both Orbiters and Landers have been performed ona 
regular basis, all with satisfactory results, A Viking Lander | Cruise Check- 
out, on November 13, showed all subsystems normal; a similar checkout was 
subsequently performed on the Viking Lander 2, on November 2l, with all 
readings normal, A series of tape recorder maintenance sequences and Gas 
Chromatograph/Mass Spectrometer (GCMS) oven bakeouts have been planned 
throughout the cruise period for both Landers, and these are being performed 
without any problems, 


Orbiter routine activities include Mars Atmospheric Water Detector (MAWD) 
calibrations, accelerometer calibrations and playbacks of prerecorded video 
frames at different transmission data rates, All have gone smoothly, On Nov- 
ember 12, the Viking Orbiter 1 High Gain Antenna was put into operation for the 
first time and the Viking Orbiter 2 followed suit on November 18, It was not 
possible to use these big dish antennas before this time because of a thermal 
constraint imposed on the antenna actuators, If used earlier in the mission, 

the antenna pointing angles back to Earth would have exposed the actuators to 
direct sunlight, and would have caused them to overheat, For safety, the mission 
plan delayed their use until each spacecraft was further away from the Sun, 

thus reducing the heating problem, 


Both Viking Orbiter High Gain Antennas are being repositioned ona daily basis 
to keep the narrow radio beams aimed directly at the Earth, Even though the 
distances to the two Vikings are many millions of miles, the relative movement 
of the Earth, as seen from the spacecraft, is great enough to necessitate these 
antenna ''updates'' once a day. As the distance increases, the changes will 
become less frequent, 


Viking Flight Operations Personnel Test and Training activities are resuming 
to prepare the Flight Team members for the Planetary Operations phase of the 
mission, after the two spacecraft are put into orbit around Mars, Numerous 
scientists are now arriving to join the ranks of the Flight Team and they are 
presently engaged in orientation sessions, preparing for an Uplink Demonstra- 
tion Test exercise during the first two weeks of December, 
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Both Viking spacecraft have continued to operate normally for the past two 
weeks. No major activities were scheduled during the Christmas and New Year 
holiday periods, aside from high gain antenna position updates and continuous 
tracking and monitoring, No anomalies or problems occurred and Viking 
Mission Control reports that all systems are ''green,'"' 


Subsystem checkout activities are scheduled to pick up this week and will con- 
tinue at a moderate level between now and the arrival of Viking 1 at Mars on 
June 19, 1976. A wavelength calibration was performed on the Viking 1 Orbiter 
atmospheric water detector (MAWD); this exercise also included several 
science instrument scan platform slews, A Viking 1 Lander tape recorder 
maintenance exercise and meteorology instrument checkout was performed, 
followed by a Gas Chromatograph/Mass Spectrometer (GCMS) oven bakeout 
and a battery charge sequence, 


The Viking 2 Lander was similarly commanded to execute its tape recorder 
maintenance sequence and meteorology instrument checkout on January 5, 
Two days later, the Viking 2 Orbiter MAWD went through a wavelength cali- 
bration and scan platform slew, 


Beginning December 2 and concluding on December 15, 1975, the Science 
Analysis and Mission Planning Directorate (SA&MPD) participated in their 
first major coordinated testing activity, the December Uplink Exercise (DUE), 
There were three major objectives for the DUE: 


(1) To design the primary mission for Viking | for the first 12 days 
after touchdown; 


(2) To provide training for the SA&MPD as to how they will operate 
during the mission; and 


(3) To prepare initialization products for Demonstration Test DI -4, 
that will begin on February 20, 


Participation in the exercise, including that of the scientists, was excellent and 
all three objectives for the exercise were met. 





Presently, Viking 1 is about 25 million miles from Mars and 4l million miles 
from Earth; Viking 2 is 26 million miles from Mars and 39 million miles 
from Earth, If you took these numbers literally, you might conclude that the 
Vikings are more than halfway to Mars, This isn't quite true, As the drawing 
below shows, the numbers only reflect the straight-line distance between 

the spacecraft and the planets, while motion of the Viking is almost at right 
angles to this measurement, The total distance to be traveled by Viking is 
about 420 million miles in a circular path and, at present, it has flown 
slightly less than half that distance, 


As a point of interest, Mars was in opposition to the Earth on December 15. 
This is when a straight line can be drawn from the Sun, through the Earth 

and Mars. The date of closest approach to Mars was December 8, 1975, 

when the distance was 52.6 million miles, Mars, therefore, was the dominant 
planet in the night sky during the holiday period and was there as we welcomed 
in our Bicentennial Year, and the year of the Vikings. 
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NOTE VIKING 2 WAS LAUNCHED ON SEPTEMBER 9. 1975, WILL FOLLOW A SIMILA® TRAJECTORY, AND WILL 


APRIVE AT MARS ON ALIGUST 7. 1976 
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Both Viking spacecraft continue to operate normally and remain 
in excellent condition. Viking 1 reached the halfway point of its cruise 
to Mars on January 19, 1976; it had been in flight 152 days since launch 
on August 20, 1975, and had 152 days to go until Mars orbit insertion 
on June 19, 1976. 


At this point, Viking 1 is slightly more than 89 million miles from 
Earth and 15 million miles from Mars. Viking 2 is 3 million miles 
behind Viking l. 


Viking Orbiter subsystem testing and housekeeping activities have 
been conducted without incident. These include high gain antenna posi- 
tion updates, atmospheric water detector wavelength calibrations and 
science scan platform slews. 


A new item added to the checkout sequence is opening and adjusting 
solar energy controllers (SEC's) on the Orbiters. The SEC is a hollow 
boxlike structure, with louvers across the top opening and a curved, 
polished surface mounted lengthwise inside. As the Viking spacecraft 
travel further away from the Sun, less solar energy penetrates through 
the white thermal shroud over the rocket motor propellant tanks allowing 
internal temperatures to drop. If permitted to continue, the propellants 
would be too cold to provide full rated thrust during the crucial orbit 
insertion burn. 


On command, the louvers are opened allowing sunlight into the 
Orbiter bus. The light hits the curved reflector inside the SEC, is 
turned 90 degrees, and is diffused over the bottom of the tanks to main- 
tain proper propellant temperatures during the cruise period. Currently, 
the louvers are opened about one-third of their total travel and are being 
adjusted on a weekly basis as temperature data is received and analyzed 
by Viking Flight Team members. 





Viking Lander subsystem operations have also continued on a 
regular basis. These include tape recorder maintenance sequences, 
relay communication equipment checkouts, and meteorology instrument 
checkouts. 


The Gas Chromatograph Mass Spectrometer (GCMS) instruments 
have continued to function well during cruise testing. The GCMS 
instruments are designed to test the Martian atmosphere and the 
Martian surface material for organic compounds. An analysis of 
GCMS data indicates that one of the three small ovens associated 
with this instrument on each spacecraft is not heating properly. 
However, loss of one oven on each GCMS does not seriously affect 
the operation of the instrument. Each oven is a small cavity in the 
instrument where Martian soil samples will be deposited and heated 
to 932°F. This process will release organic constituents from the 
soil that are then analyzed by the GCMS to determine what, if any, 
organic compounds are present in the sample. All additional tests 
that have been conducted on the two GCMS instruments during the 
cruise period, indicate that the instruments are operational. 


On February 22, one of a series of major training tests was 
started. This test, labeled DT-4 (Demonstration Test 4), simulates 
the events of Mission 1 from separation -52 hours through the first 
eight (8) SOLs on the surface of Mars (SOL is the term used to define 
a Martian day). A more complete story on this test will be given 
in the next bulletin. 
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Both Viking spacecraft continue to operate normally and remain in excellent 
condition. Viking 1 is presently 99.6 million miles from Earth and has 
traveled a total of 306.8 million miles in solar orbit. Viking 2 is 96 million 
miles from Earth, having traveled 275.4 million miles in solar orbit. 


During the past week, only routine cruise activities, including adjustments 
of the solar energy controllers on both Viking Orbiter 1 and 2, were performed. 


Viking Flight Team members recently completed an intensive test and training 
exercise, called DT-4, in preparation for the planetary operations that will 
begin in June. The overall objective of the test was to demonstrate the Viking 
Flight Team's capability of executing the flight operations associated with the 
Viking 1 Orbiter and Lander during the period from separation -58 hours to 
completion of the eighth landed Sol (Mars day). 


Detailed objectives of DT-4 were to: 
1) Demonstrate the capability to perform the sequences necessary 


to initiate separation, landing, and landed operations with Viking Lander 1 
(VL-1) as prescribed by the Primary Mission Design. 


2) Demonstrate the capability to respond to the information gained 
from data. 
3) Demonstrate the capability to perform the functions inherent in 


the Planetary Mission Operations Strategy. 


4) Demonstrate the capability of the Flight Team to sustain the 
continuous level of activity required to operate the Orbiter and Lander 
corcurrently. 


D5) Produce the Flight Plan Products required during this portion 
of the mission. 


DT-4 started on February 20, 58 hours before separation, and ran through 
Sol 8. The test ended on March 2. 





The Flight Path Analysis Group (FPAG), and the Lander Performance Analysis 
Group (LPAG) performed deorbit targeting, descent validation, and sequence 
and command generation, as required. The Lander Support Office, in Denver, 
ran independent descent validations. The Lander Science Group (LSG) analyzed 
the preseparation checkout science data and provided instrument update require- 
ments to the LPAG for sequence and command generation. The Orbiter Per- 
formance Analysis Group (OPAG) generated the required commands for the 
Orbiter separation sequence. The Landing Site Team (LST) simulated inte- 
erated landing site assessment. Execution of the separation strategy 
culminated with the provision of all required inputs to the Mission Director 
and Project Manager for the separation GO/NO GO decision. The GO command 
was sent as planned. 


The simulated landing occurred on Sunday afternoon, February 22, at 5:41 PST. 
The Viking cameras immediately began taking the first two scheduled pictures. 
The first picture of the #3 footpad provided scientists with information on the 
cohesiveness of the soil, and engineers with an idea of the landing shock. 


The second picture was a 300-degree panoramic photograph that provided 
scientists with their first look at the Martian terrain around the Lander. 


As the test proceeded, simulating real events, the meteorology instrument 
was turned on and data were acquired, the first color pictures were taken, 
uplink commands were generated and transmitted to the simulated Lander, 
engineering and science downlink data were received and analyzed. The 
results were disclosed in mock news conferences. 


Although the critique is still continuing, DT-4 was clearly a successful 
training test. 





THESE PHOTOGRAPHS WERE TAKEN ON FEBRUARY 22, DURING THE 
HIGH ACTIVITY PERIOD BETWEEN SPACECRAFT SEPARATION AND 
TOUCHDOWN. THEY SHOW THE VIKING MISSION OPERATIONS AREA 
IN THE SPACE FLIGHT OPERATIONS FACILITY AT JET PROPULSION 
LABORATORY. 





F LIGHT CONTROL CENTER - This area is the focal point for 
all spacecraft commanding and ground computer activities. 





Command Operator prepares to load Lander 
command files for transmission to spacecraft. 





Lander Spacecraft Operations Team Chief verifies The Project Manager prepares to give the GO 
Lander sequences. command for spacecraft separation. 








Lander Guidance Radar and Terminal Descent Radar 
engineers monitor entry and descent data. 
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Orbiter Electrical Power Team verifies Orbiter 
power profiles. 


al vy he 


TE — — 


Vo 


oe. 





Orbiter flight controllers prepare for 
spacecraft separation. 





The Mission Director monitors events prior to landing. 





Lander Guidance and Control Engineers check 
Inertial Reference Unit data. 
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Both Viking spacecraft continue to operate normally and remain in excellent 
condition. Viking 1 is presently 107.9 million miles from Earth and has 
traveled a total of 316.22 million miles in solar orbit. Viking 2 is 104.3 
million miles from Earth, having traveled 284.9 million miles in solar 
orbit. 


During the past week, routine adjustments, calibrations and testing have 
occurred on the two cruising spacecraft. Internal temperatures of both 
Orbiters have been regulated by adjusting their solar energy controllers. 
The high gain radio antenna on Orbiter 1 received its fourth calibration. 

The Mars water detection instrument, infrared thermal mapper, and the two 
TV cameras on Orbiter 2 were calibrated. 


Because of the success of the Demonstration Test DT-4, the subsequent 
major test, DT-5, has been cancelled. DT-5 was originally designed to 
evaluate the Viking Flight Team (VFT) ability to execute flight operations 
associated with Orbiter 1, Lander 1, and Viking 2 during the period 
covering the Mars Orbit Insertion (MOI) of Viking 2, -4 days to MOI +8 
days. With the deletion of DT-5, three other less major tests have been 
scheduled. They are DT-4R, DT-6 and DT-7. 


DT-4R will occur April 18 through 21. It will involve Orbiter 1 and Lander 1. 
The test begins at Viking 1 separation -30 hours and ends shortly after 
touchdown. The purpose of this test is to retest the separation, entry and 
landing sequences. 


DT-6 will occur March 31 through April 4. It will involve Orbiter 1 only. 
The test will begin at MOI -24 hours and end at MOI +4 days. The purpose 
of this exercise is to test the downlink and uplink processes associated 
with a Mars Orbit Insertion. 


DT-7 will occur April 7 through April 10. It will involve Orbiter 1 and 
Lander 1. The test begins on Sol 9 and ends on Sol 12. (Sol is the term 
used to define a Martian day.) The purpose of this exercise is to test the 
adaptive landed science mission from Sol 9 to Sol 12, which is a contin- 
uation of the now completed DT-4. 





VIKING SCIENCE 


The overall science activities of the Viking mission have been managed by 


the Viking Science Steering Group; group members are: 


Gerald A, Soffen (Chairman) 
Viking Project Office 
Langley Research Center 


R. 8S. Young (Vice Chairman) 
Viking Program Office 

NASA Headquarters 
Washington, D.C, 


A. Thomas Young (Secretary) 
Viking Project Office 
Langley Research Center 


Conway W. Snyder 
Jet Propulsion Laboratory 


All Science Team Leaders (see list below) 


The Viking Project has 80 Science Team members who act as the principal 
investigators for the 13 Viking investigations. The scientists are divided into 
13 teams, one team representing each investigation. Each Team Leader is 
listed first, with other members following: 


VIKING 1975 SCIENCE INVESTIGATORS 


BIOLOGY 


Harold P. Klein, Ames 
Norman H. Horowitz, Caltech 
Joshua Lederberg, Stanford 
Gilbert V. Levin, Biospherics 
Vance I Oyama, Ames 
Alexander Rich, MIT 


MOLECULAR ANALYSIS (GCMS) 

Klaus Biemann, MIT 

Duwayne M, Anderson, CRREL, U.S. Army 
Alfred O.C. Nier, Univ. of Minn. 

Leslie E. Orgel, Salk Institute 

John Oro, Univ. of Houston 

Tobias Owen, SUNY 

Priestley Toulmin Ill, USGS, Reston 

Harold C, Urey, UC San Diego 


LANDER IMAGING 


Thomas A. Mutch, Brown Univ. 
Alan B. Binder, Sci. Applic. Inc. 
Friedrich O. Huck, LRC 

Elliott C. Morris, USGS 

James A. Pollack, Ames 

Carl Sagan, Cornell Univ. 


INORGANIC CHEMICAL 


Priestley Toulmin I, USGS, Reston 
Alex K. Baird, Pomona College 
Benton C. Clark, MMA 

Klaus Keil, Univ. of N. Mex. 

Harry J. Rose, USGS, Reston 


MAGNETIC PROPERTIES 


Robert B. Hargraves, Princeton 


METEOROLOGY 


Seymour L. Hess, FSU 
Robert M. Henry, LRC 
Conway B. Leovy, Univ. of Wash. 
Jack A. Ryan, McDonnell-Douglas 
James E, Tillman, Univ. of Wash. 


SEISMOLOGY 


Don L. Anderson, Caltech 

Fred Ducnebier, Univ. of Texas 
Robert L. Kovach, Stanford 
Gary V. Latham, Univ. of Texas 
George Sutton, Univ. of Hawaii 
Nafi Toksoz, MIT 


PHYSICAL PROPERTIES 


Richard Shorthill, Univ. of Utah 
Robert E. Hutton, TRW 

Henry J. Moore I, USGS, Menlo Pk 
Ronald F. Scott, Caltech 


ENTRY SCIENCE 


Alfred O.C. Nier, Univ. of Minn. 
William B. Hanson, Univ. of Texas 
Michael B. McElroy, Harvard Univ. 
Alfred Seiff, Ames 

Nelson W. Spencer, GSFC 


WATER VAPOR MAPPING 


C. B. Farmer, JPL 
Donald W. Davies, JPL 
Dan LaPorte, SBRC 


ORBITER IMAGING 


Michael H. Carr, USGS, Menlo Pk 
William A, Baum, Lowell Obs. 

Carl R. Blasius, Sci. Applic. Inc. 
Geoffrey Briggs, JPL 

James A. Cutts, Sci. Applic. Inc. 
Thomas J. Duxbury, JPL 

Ronald Greeley, Univ. of Santa Clara 
John E. Guest, Univ. of London 
Keith A. Howard, USGS, Reston 
Harold Masursky, USGS, Flagstaff 
Bradford A. Smith, Univ. of Ariz. 
Lawrence A. Soderblom, USGS, Flagstaff 
John B, Wellman, JPL 

Joseph Veverka, Cornell Univ. 


RADIO SCIENCE 


William H. Michael, LRC 

Joseph. P. Brenkle, JPL 

Dan L. Cain, JPL 

J. G. Davies, Univ. of Manchester 
Gunnar Fjeldbo, JPL 

Mario D. Grossi, Raytheon 

Irwin I. Shapiro, MIT 

Chas. T. Stelzried, JPL 

Robert H. Tolson, LRC 

G. Leonard Tyler, Stanford 


THERMAL MAPPING 


Hugh H. Kieffer, UCLA 
Stillman C, Chase, SBRC 
Ellis D. Miner, JPL 
Guido Munch, Caltech 
Gerry Neugebauer, Caltech 








SPACECRAFT STATUS AND TRAJECTORY 


Both Viking spacecraft are operating well 
and continue to perform as expected on their 
flights to Mars. Roundtrip light time to Viking 1 
is 20 minutes 50 seconds, and to Viking 2 is 20 
minutes 10 seconds. 


Viking 1 is now 117.26 million miles from 
Earth and 11.8 million miles from Mars, and is 
85 days from its Mars Orbit Insertion. Its speed 
is 61,100 mph relative to Earth and 5,500 mph 
relative to Mars, and it has flown 326.6 million 
miles to its 420-million-mile heliocentric Mars- 
intercept trajectory. 


Viking 2 is now 113.57 million miles from 
Earth and 15.77 million miles from Mars, and is 
134 days from its Mars Orbit Insertion. Its speed 
is 60,400 mph relative to Earth and 3,900 mph 
relative to Mars, and it has flown 295.5 million 
miles on its 443-million-mile heliocentric Mars- 
intercept trajectory. 


PAST WEEK'S KEY EVENTS 


Photometric Calibration 
(see feature this issue), 116 
TV pictures using Jupiter as 
target — March 23, 25-26. 
|R Thermal Mapper and 
Atmospheric Water Detec- 
tor calibrations — March 23. 


Viking Orbiter 1: 


Inertial Reference Unit 2 
calibration — March 22-23. 


Viking Lander 1: Quiet Period 
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..mission to mars! 


Orbiter Cameras 
Complete First Calibration 
with Jupiter Photos 


Continued replayback of 
Photometric Calibration 
pictures of Jupiter (see fea- 
ture this issue) taken last 
week. 


Viking Orbiter 2: 


Inertial Reference Unit 2 
calibration — March 26. 


Viking Lander 2: Quiet Period 


Viking’s spacecraft trajectories are true helio- 
centric orbits (orbits around the Sun) launched 
at a time which would allow their orbits to inter- 
cept Mars in its orbit. 


V2 LAUNCH 
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UPCOMING WEEK’S KEY EVENTS 


Viking Orbiter 1: High-Gain Antenna S/X- 
band pointing calibra- 


tion — March 27. 


Viking Lander 1: Quiet Period 


Inertial Reference Unit 2 
calibration — March 27. 


Viking Orbiter 2: 


Viking Lander 2: Quiet Period 


NOTES OF INTEREST 


On March 31, eight hours of Mars radar 
ranging is scheduled to provide new information 
about the Viking ““C’ alternate landing sites. 
The acquisition of this data is part of an effort 
to better characterize the surface nature of these 
landing sites. 


Demonstration Test 6 (DT-6) is scheduled 
to begin March 31 and to continue through 
April 4. DT-6 will involve the entire flight team 
in a practice run of the Mars Orbit Insertion 
activity, and will be conducted with simulated 
data. 





ORBITER TV CAMERAS FOCUS ON JUPITER 


The Viking 2 Orbiter TV cameras were 
subjected to an extensive calibration exercise 
March 16, followed by a duplicate exercise for 
the Viking 1 Orbiter on March 23. A total of 
116 pictures were acquired by each Orbiter 
using the planet Jupiter as a target. Some of the 
pictures were transmitted to Earth the same day 
in each case, with the balance being received 
over the following days. The operation of both 
of the TV cameras on each of the Orbiters, and 
of the associated ground data system, was suc- 
cessful. These calibrations complete the first of 
two scheduled Orbiter Photometric Calibrations 
during the cruise phase, with the second to 
occur in April using Mars as the target. 


The primary purpose of this calibration 
program was to obtain shading values through- 
out the image area. Shading is the variation in 
light response between specific areas of the vidi- 
con frame. The variation may be nearly 10%, 
and results from the erasing procedure used 
between each exposure cycle. However, the non- 
uniformity factor itself is stable and can there- 
fore be measured and used to provide the call- 
bration tables needed to subtract shading and 
produce accurate light interpretation during 
Orbiter photography activity. 


The calibration data is acquired using an 
extended source of light as a target — in this case 
the planet Jupiter — against the constant back- 
ground of space. Because Jupiter provides a con- 
stant light value, variations in its measured value 
at different points provide the shading calibra- 
tion data needed. The Orbiter’s scan platform, 
capable of moving in two perpendicular direc- 
tions, allows exposures to be made with Jupiter 


focused to the center and to the four corner 
areas of the vidicon’s image area to facilitate 
the calibration procedure. 


The cameras were operated for the calibra- 
tion program as they will be during the Mars 
mission this summer, alternating from one to the 
other for exposure and erasure cycles and using 
the complete selection of filters available on 
each camera’s filter wheel. Two complete expo- 
sure scales were produced in each of the 
cameras, using a different filter set for each of 
the two scales. Additional frames were exposed 
using each of the remaining filters, again with 
one camera duplicating the operation of the 
other. The cameras and filter wheel performed 
as expected with excellent results. 


Viking 1 will begin its actual scientific 
mission operation by taking approximately 175 
pictures of Mars, including some in color, during 
the last five days before Mars Orbit Insertion 
June 19. 


—_——_—_—__—$——$ 


The Orbiter science platform includes two 
identical slow-scan cameras with 1.5-inch vid- 
con tubes for photography. Each includes a 
mechanical shutter, a filter wheel containing 
blue, minus-blue, violet, clear, green and red 
filters, and 475mm telescopic optics. They are 
focused electronically, and the scan time for a 
single picture frame is 4.48 seconds. 
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SPACECRAFT STATUS AND TRAJECTORY 


Viking Orbiter 2: Active 
® Completion of Inertial Reference Unit #2 
calibration begun March 26. (March 27) 


Viking Lander 2: Quiet 


Both Viking spacecraft 
continue to operate 
well and to perform as 
expected during their 
flight to Mars. Round- 
trip light time between 
Earth and the space- 
craft has increased to 


V2 LAUNCH 


eat 
Vl LAUNCH 


UPCOMING WEEK’S KEY EVENTS 





V1 ARRIVAL” ~——V2 ARRIVAL 21 minutes and 24 sec- iis aiealil sei 
onds for Viking 1, and Viking Lander 1: Quiet 

to 20 minutes and 44 seconds for Viking 2, Viking Orbiter 2: Quiet 
during a quiet week of spacecraft activity. Viking Lander 2: Quiet 


Viking 1 is 124.51 million miles from Earth 
and 10.88 million miles from Mars, and the 
Spacecraft is now 78 days away from its Mars 
Orbit Insertion June 19. Its speed is 63,282 mph 
relative to Earth and 5,522 mph relative to Mars, 
and it has flown 334.8 million miles of its 
420-million-mile heliocentric Mars-intercept 
trajectory. 


Viking 2 is 120.8 million miles from Earth 
and 15.17 million miles from Mars, and the 
spacecraft is now 127 days away from its Mars 
Orbit Insertion August 7. Its speed is 62,990 
mph relative to Earth, and 3,839 mph relative to 
Mars, and it has flown 303.5 million miles of its 
443-million-mile heliocentric Mars-intercept 
trajectory. 


PAST WEEK’S KEY EVENTS 


Viking Orbiter 1: Active 
@ High-Gain Antenna S/X-band pointing calibra- 
tion completed. (March 27) 


Viking Lander 1: Quiet 
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NOTES OF INTEREST 


Demonstration Test 6 (DT-6) began on schedule 
Tuesday, March 31. DT-6 is a simulated rehearsal 
of the Mars Orbit Insertion events and the 
early site certification activities. The entire flight 
team will be involved in the activity, with the 
test’s analysis phase formally concluding April 4. 
This test will be detailed in the next issue of the 
status bulletin. 


Demonstration Test 7 (DT-7) is scheduled to begin 
April 7. DT-7 is a landed operations rehearsal 
beginning where DT-4 ended, running for four 
calendar days beginning with the 8th Mars day and 
ending with the 11th. The DT-7 program will also 
require full flight team involvement. 


Mars radar ranging was conducted Wednesday, 
Thursday and Friday to help refine information 
about the Viking “C” alternate sites. A brief 
feature is included in this issue to help explain this 
interesting aspect of landing site information 
gathering. 
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RADAR IMPROVES KNOWLEDGE 
OF ALTERNATE LANDING SITES 


Radar has again been put to work helping with the 
landing preparations for this summer’s Viking missions 
on the surface of Mars. Through ranging radar work per- 
formed Wednesday, Thursday and Friday this past week, 
additional data have been acquired which will refine our 
information about the Viking ‘’C’ alternate landing 
sites. The “’C” sites are a group of candidates which are 
alternates to the preselected sites for contingency mis- 
sions. The ranging radar techniques employed will pro- 
vide more precise information about Mars’ exact loca- 
tion and position, which in turn will allow a more 
accurate assessment of the location and elevation of the 
“C" sites. 


Radar has become a tool in the field of planetary 
science. The two primary radar applicatons are ranging 
radar and doppler radar, and both have proven useful in 
the selection of landing sites for the Viking program. 


Doppler radar is the more common, It is used 
extensively in aviation and has been used on some space- 
craft designs, and it is the type of radar used during the 
landing descent of the Viking landers. When used to help 
map Viking landing sites, a powerful Earth-based 
doppler radar procedure is used to measure radar reflec- 
tivity from the surface of Mars, and the acquired data 
are analyzed to yield a variety of information prod- 
ucts — including estimates of the average roughness and 
density of the surface. 
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MARS STATION is the site of the largest antenna. Its reflector 
is 64 meters (210 feet) in diameter. Capable of tracking space- 
craft to the edge of the solar system, the Mars antenna repre- 
sents the latest design in sensitive tracking antennas. With its 
versatile tricone feed system, it supports a variety of NASA 
projects in deep space. 


Ranging radar does not play a role in the detailed 
study of the Martian surface characteristics as does 
doppler radar. Ranging radar instead contributes vital 
information about distances to Mars and the planet’s 
heliocentric location, and about Mars’ larger surface 
deviations and elevations. The latter factor, elevation, is 
highly dependent upon the accuracy and evaluation of 
direct data acquired via this radar procedure because it is 
a side product of the analysis of ranging information. 
Site elevation is important to the selection of the landing 
sites, since there must be enough atmosphere to slow the 
descending Lander before its parachute is deployed and 
the terminal-phase rockets are ignited. If the site is 
below a limiting altitude, landing events will occur 
properly, and the Lander will be slowed adequately by 
the natural resistance of the atmosphere. The terminal 
rocket engines then will be able to compensate for the 
rate of descent sufficiently to provide a safe landing. 


The current ranging work does not require a direct 
scan of the “’C” sites. Instead, it examines an area used 
as a target by ranging analysts previously when Mars was 
in a similar orientation to Earth — Syrtis Major Planitia. 
The variations between the old and new data can be 
projected to the ‘’C” sites even though they were not 
specifically studied. If the existing data are accurate, the 
recent ranging work will verify the elevations upon 
which the selection of the “‘C”’ sites was based, and 
further refine the information for more precise use of 
those sites if they are needed. 
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Both Viking spacecraft 
continue to operate 
well and to perform as 
expected during their 
flights to Mars. Round- 
trip light time between 
Earth and the space- 
craft has increased to 
23 minutes and 24 
seconds for Viking 1, 
and to 22 minutes and 44 seconds for Viking 2. 
The Viking control center experienced a quiet 
week of spacecraft activity but met a busy pace 
of flight team participation in demonstration- 
test work. 


Viking 1 is 131.71 million miles from Earth 
and 9.96 million miles from Mars, and the space- 
craft is now 71 days away from its Mars Orbit 
Insertion June 19. Its speed is 65,451 mph rela- 
tive to Earth and 5,537 mph relative to Mars, 
and it has flown 342.5 million miles of its 
420-million-mile heliocentric Mars-intercept 
trajectory. 

Viking 2 is 128 million miles from Earth 
and 14.56 million miles from Mars, and the 
spacecraft is now 120 days away from its Mars 
Orbit Insertion August 7. Its speed is 64,869 
mph relative to Earth and 3,858 mph relative to 
Mars, and it has flown 311.5 million miles of its 
443-million-mile heliocentric Mars-intercept tra- 
jectory. 


V1 ARRIVAL 


V2 ARRIVAL 





PAST WEEK’S KEY EVENTS (Apr 3 - Apr 9) 


Viking Orbiter 1 Quiet 
Viking Lander 1 Quiet 


Viking Orbiter 2 Quiet 
Viking Lander 2 Quiet 
Additional Activity 

® DT-6, Simulated orbit insertion. 


UPCOMING WEEK’S EVENTS (Apr 10 - Apr 16) 
Viking Orbiter 1 Active 


® Scan calibration with thermal mapper 
(IRTM) and atmospheric water detector 


(MAWD) on; MAWD calibration. (Apr 12) 
Viking Lander 1 Quiet 
Viking Orbiter 2 Active 


® Scan calibration with thermal mapper 
(1RTM) and atmospheric water detector 


(MAWD on; MAWD calibration. (Apr 15) 
Viking Lander 2 Active 
® Tape recorder maintenance and meteorology 

checkout. (Apr 16) 


NOTES OF INTEREST 


Demonstration Test #7 (DT-7) got underway on 
schedule Wednesday and will conclude this Satur- 
day. DT-7 is a follow up test of changes made 
following DT-4, a major simulated demonstration 
of landed operations completed in February, and 
covers Mars days (SOLs) 8 through 11. Training 
Test #4 (TT-4), originally scheduled for April 13 
as a training exercise for the Viking 1 orbit inser- 
tion, has been cancelled and tentatively resched- 
uled to May 10-11. TT-4 is a follow up exercise of 
the MOI portion of DT-6 featured in this issue of 
the status bulletin. 
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MARS ORBIT INSERTION PREVIEW 
DT-6 Synopsis 


Demonstration Test #6 (DT-6), which began 
March 31, was sucessfully completed April 5. DT-6 
provided valuable insight into the working relationships 
and activities which will be experienced by the Viking 
flight team members during Mars Orbit Insertion (MOI) 
and initial landing site certification. 


A demonstration test or training test is designed to 
provide a working opportunity for those involved to 
experience real-time activity before it actually occurs, 
allowing the personnel to gain valuable experience in 
preparation for the Viking mission events. A full-dress 
exercise like DT-6 is a close simulation of the time span 
and activity of an actual major event, and will often 
include the introduction of problems in order to provide 
as much experience as possible for the participants. 


DT-6 exposed the flight team organizations to the 
pace of MOI activities, time margins and spacecraft 
performance factors for perhaps the first time while 
working together as a complete team. The participants 
delt with the problems of data interpretation and 
command updating within the timelines specified for the 
work, just as they will June 19 and again August 7. 


Real-Time MOI 


In real-time perspective, DT-6 began sixteen hours 
before orbit insertion (MOI! -16 hr). At WO/ -716 hours, a 
Command Conference convened to evaluate the most 
current tracking data available in order to determine the 
final command update to the spacecraft for MOI. High- 
rate tracking data had been acquired during the last days 
of the spacecraft’s simulated approach to Mars to use in 
preparing the command update. At a determined point 
on the approach trajectory, Viking’s main engine ignited 
for a long burn to slow the streaking spacecraft to 
orbital velocity. 





The accuracy of the acquired orbit relies on the 
precision of the engine burn time and attitude-control 
maneuvers performed for the orbit insertion. The space- 
craft had been preprogrammed for the MOI engine burn 
with a baseline of this kind of information, and the 


program had to be “customized” with the command 
update according to the latest trajectory data to achieve 
the desired orbit. For example, during the actual mission 
Viking 1 will be slowed for its orbit insertion by an 
engine burn of approximately forty-five minutes, based 
on a nominal trajectory. Once its real trajectory is 
accurately known, the burn time can be command 
updated to fractions of a second for precise orbit inser- 
tion. 


With Viking in orbit, high-rate tracking data 
continued and additional command updates were trans- 
mitted to the spacecraft for the performance of orbit 
trim maneuvers. With the orbit corrected as precisely as 
possible during the first revolution, the next ten revolu- 
tions were committed to landing site certification. 


25° Narrow-Angle Stereo 
A-1 Site Coverage 





This ts a representation of what site certification 
might be like for the A-7 (Viking-1 primary) 
site. The Orbiter’s cameras scan the site in a 
swath at an angle while approaching the site, and 
from the same angle on the opposite side after 
passing the site, to provide stereo pictures of the 
target. 


DT-6 included the first four site-certification 
revolutions. In real-time, narrow and wide-angle TV 
scans would be made to acquire visual swaths of the 
selected landing site area, these pictures to be provided 
to the United States Geological Survey (USGS) Viking 
team in Flagstaff, Arizona, for the preparation of high 
resolution relief maps to be used for the final certifica- 
tion of the selected site. While DT-6 was primarily an 
uplink (command-to-spacecraft) exercise of MOI and site 
certification uplink-related functions, a shorter exercise 
called Training Test #4 (TT-4), tentatively scheduled for 
May 10-11, will provide experience in handling the 
downlink (spacecraft-to-Earth) data functions prior to 
MOI as a follow up to DT-6. 
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The Viking spacecraft 
continue to operate 
very well and to per- 
form as expected dur- 
ing their flights to 
Mars. Roundtrip com- 
munication time be- 
APR 16 tween Earth and the 
spacecraft has In- 
creased to 24 minutes 
and 42 seconds for Viking 1, and to 24 minutes 
and 2 seconds for Viking 2. The Viking control! 
center experienced a week of moderate space- 
craft activity while the flight team completed 
yet another demonstration test — DT-7. 


Viking 1 is 138.8 million mites from Earth 
and 9 million miles from Mars — 64 days from 
its Mars orbit insertion June 19. Its speed is 
67 268 mph relative to Earth, and 5574 mph 
relative to Mars. Viking 1 has flown 349.3 mil- 
lion miles of its 420-million-mile heliocentric, 
Mars-intercept trajectory. 


Viking 2 is 135.1 million miles from Earth 
and 13.9 million miles from Mars — 113 days 
from its orbit insertion August 7. Its speed is 
67011 mph relative to Earth, and 3944 mph 
relative to Mars. Viking 2 has flown 319.5 mil- 
lion miles of its 443-million-mile heliocentric 
trajectory en route to the red planet. 


V1 ARRIVAL 


V2 ARRIVAL 





/t is interesting to note how rapidly communica- 
tion time with the spacecraft is increasing. Com- 
munication radio waves, traveling at the speed of 
light, now consume more than 24 minutes for a 
two-way exchange with Viking 71. That two-way 
time span will increase to more than 40 minutes 
during the mission, which helps to illustrate the 
vital importance of automation at the mission dis- 
tance of approximately 225 million miles. As a 
refresher, the speed of light (and of radio waves) is 
186 000 miles per second, and Earth's light now 
takes 741 seconds to reach the spacecraft. 














PAST WEEK’S KEY EVENTS (Apr 10 - Apr 16) 


Viking Orbiter 1 Active 
@® Thermal mapper (IRTM) and atmospheric 
water detector (MAWD); TV on scan calibra- 
tion; MAWD calibration. (Apr 12) 


Viking Lander 1 Quiet 


Viking Orbiter 2 Active 
@ Thermal mapper (IRTM) and atmospheric 
water detector (MAWD):; TV on scan calibra- 
tion; MAWD calibration. (Apr 15) 


Viking Lander 2 Active 
® Tape recorder maintenance; Meteorology 


checkout. (Apr 16) 
Additional Activity 
@® DT-7 landed operations 

simulation completed. (Apr 11) 


® Sample Certification and Timeline Test 
(SCATT), Part I. (Apr 11-15) 


Demonstration Test #4R (DT-4R) will be con- 
ducted during the upcoming week, Monday to 
Thursday. DT-4R is a rehearsal of the presepara- 
tion, separation and landing of Viking 7. /t will be 
directed at voice-communication-proficiency con- 
cerning the landing, the preseparation checkout 
data transmission, and the processing of Mars-day 
zero (SOL-O) Lander data. The latest mission pro- 
file will be used to design the Sequence and 
Command activities. 


UPCOMING WEEK’S KEY EVENTS (Apr 17 - Apr 23) 


Viking Orbiter 1 Active 
® High-Gain Antenna calibration. (Apr 17) 
Viking Lander 1 Active 


® Tape recorder maintenance; Meteorology 
checkout; End Battery B Charge. ‘(Apr 17) 


® Start Battery Maintenance Sequence. (Apr 23) 
Viking Orbiter 2 Quiet 
Viking Lander 2 Quiet 
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MAWD PREPARED FOR MARS 


Viking’s water-vapor mapper, called 
MAWD, was checked out on both spacecraft last 
week following the completion of Orbiter scan 
platform calibrations performed with all of the 
Orbiter’s instruments in operation. The MAWD 
calibrations were made using simulated condi- 
tions which would be experienced during a nor- 
mal orbit of Mars. 


MAWD may sound like the name of a pop- 
ular television character, but in the acronym- 
flooded world of Viking — MAWD is the short 
way of saying...Mars Atmospheric Water 
Detector. This instrument is one of three types 
of science instruments mounted on the Orbiter’s 
scan platform, sharing space with a thermal 
mapper and twin TV cameras. Its technical com- 
ponent is an infrared spectrometer. 
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MAWD works by measuring the amount of 
sunlight reflected off of the Martian surface at 
very specific wavelengths where water vapor in 
the atmosphere has some absorption. By com- 
paring the amount of light reflected at water 
vapor absorption wavelengths, to light where 
there is no water vapor absorption, the amount 
of water vapor can be measured. MAWD is sensi- 
tive enough to detect as little as one precipitable 


micron of water in each footprint — the precip- 
itable water being the vapor within the atmos- 
pheric column above the footprint if precipi- 
tated to the surface. One micron is equal to 
about 1/25 000 of an inch. 


The data are produced during sweeps of the 
Martian surface to acquire 15 contiguous rect- 
angles measuring 0.12 X 0.92 degrees each. A 
full sweep takes 4.48 seconds and covers a total 
footprint area of 1.8 X 0.92 degrees. 


The water vapor science team, headed by 
Dr. C.B. Farmer of JPL, and including Dr. D.W. 
Davies and Mr. D. LaPorte, will begin to attack 
their key objectives by using the detectors 
initially to provide important support for the 
landing site certification activity. This is accom- 
plished by acquiring data to be correlated with 
that of surface temperatures and photography, 
with specific emphasis on selected landing tar- 
gets. The work begins during the approach and 
early orbital period, requiring rapid translations 
of data into applicable information for the eval- 
uation of the landing site. 


Because water is crucial to the existence of 
life as we understand it, any information about 
water on a planet as dry as Mars is relevent to 
the possible existence of life there. But more 
must be learned in addition to the assurance that 
there is water in the atmosphere. Its role and 
accessibility, for example, must be understood 
to be correlated with life-sciences data and the 
possible existence of life — particularly in an 
environmental envelope as dry, cold and thin as 
the Martian atmosphere. 


With water playing such an important role, 
evidence of Martian water has been sought 
through both Earth-based and spacecraft obser- 
vations. Such studies from Earth have provided a 
rough estimate of the average abundance of 
water vapor in the Martian atmosphere, and 
both American and Soviet spacecraft have trans- 
mitted information that suggests there may be 
local concentrations as well. 


The Viking atmospheric water detectors 
will enlarge upon current information and 
understanding, and will allow the correlation of 
water-vapor abundance with topography and 
surface temperature variations. It is this kind of 
dynamic new information scientists need to shed 
light on the Martian water cycle and to help 
explain any new knowledge about life on the red 
planet. 
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APRIL 23,1976 


The Viking spacecraft 
continue to operate 
very well and to per- 
form as expected dur- 
ing their flights to 
Mars. Roundtrip com- 
\ a munication time be- 
APR 23 MY, # tween Earth and the 
spacecraft has in- 
creased to 25 minutes 
and 56 seconds for Viking 1, and to 25 minutes 
and 16 seconds for Viking 2. Spacecraft activity 
during the week was light, but the Viking Flight 
Team was busy with Demonstration Test 4R 
rehearsing the landing of Viking 17. 


Viking 1 is 145.8 million miles from Earth 
and 8.1 million miles from Mars — 57 days from 
its Mars orbit insertion June 19. Its speed is 
69 634 mph relative to Earth, and 5647 mph 
relative to Mars. Viking 1 has flown 358.1 mil- 
lion miles of its 420-million-mile heliocentric, 
Mars-intercept trajectory. 

Viking 2 is 142.2 million miles from Earth 
and 13.3 million miles from Mars — 106 days 
from its orbit insertion August 7. Its speed is 
69 101 mph relative to Earth, and 4077 mph 
relative to Mars. Viking 2 has flown 327.3 mil- 
lion miles of its 443-million-mile heliocentric 
trajectory en route to the red planet. 


V2 ARRIVAL 


V1 ARRIVAL 
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NEXT WEEK — Picture story of mock coprpite-uiit certi- 
fication and update verification, using test Lander and 
Mars-terrain model in von Karman Auditorium. 
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PAST WEEK'S KEY EVENTS (Apr 17 - Apr 23) 


Viking Orbiter 1 Active 
@ High-Gain Antenna Calibration (Apr 17) 
Viking Lander 1 Active 


@® Tape Recorder Maintenance; Meteorology 
Checkout; End Battery-B charge. (Apr 17) 


® Start Battery Maintenance sequence. (Apr 23) 
Viking Orbiter 2 Quiet 
Viking Lander 2 Quiet 


Additional Activity 
@ DT-4R simulation of preseparation-thru- 
landing for Viking 1 completed. (Apr 19-22) 


UPCOMING WEEK’S KEY EVENTS (Apr 24 - Apr 30) 


Viking Orbiter Quiet 


Viking Lander 1 Active 
® Completion of battery maintenance. (Apr 26) 


Viking Orbiter 2 Active 
@ High-Gain Antenna calibration. (Apr 29) 
Viking Lander 2 Quiet 


NOTES OF INTEREST 


The last of the major demonstration tests (D T-4R) 
was completed April 22. The simulation of the 
preseparation-thru-landing phase involved the 
entire Viking Flight Team. Only two training tests 
are yet to be completed in the test-rehearsal pro- 
gram: TT-5, covering aspects of the landed opera- 


tions from SOL-8 through SOL-10, is to be con- 
ducted during the upcoming week (April 26-29); 
and TT-3, tentatively scheduled for April 11-13, 
simulating preseparation and separation activity. 
The last test program will be the Operational 
Readiness Test (ORT), scheduled for June 2nd and 
3rd, a final dress rehearsal of the Viking-1 Mars 
orbit insertion. 
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MEDIA PREPARATIONS 
FOR VIKING 
QUICKENING 


While Viking may not command the dramatic 
exposure of past manned programs like Apollo and 
Skylab, the Mars-bound spacecraft are attracting un- 
precedented public and medfa interest for an unmanned 
program. Media coverage has been strong during the 
cruise phase, and is expected to increase rapidly as 
Viking 1 approaches the point of its Mars orbit insertion 
June 19. 


In the printed media, numerous articles have been 
or will be published in daily newspapers, trade journals 
and many popular magazines. The current issue of 
Saturday Review carries an article titled ‘Is Mars Alive?” 
by Isaac Asimov as an example of the broadening 
exposure Viking is receiving in print. 


Major plans for television coverage are also well 
along, and reflect international interest in Viking. Tele- 
vision companies from Europe and elsewhere are plan- 
ning television coverage at JPL. The BBC will be at the 
Lab prior to the Viking 1 landing to broadcast a satellite- 
relayed 90-minute Mars/Viking special in Great Britain, 
combining film and live coverage. BBC camera crews 
filmed a considerable amount of Viking-related material 
at JPL in preparation for the special, which will be aired 
simultaneously in the United States via the Public Broad- 
casting Network (PBS). Exact times and dates will be 
published as they are finalized. 


The three major commercial networks in the 
United States (ABC, NBC and CBS) are also preparing 
for their coverage of the Viking missions. They, with 
PBS, will work through a facility-and-equipment pool at 
JPL to minimize confusion and congestion. ABC has 
been designated for the handling of pool cameras for all 
of the networks. This arrangement does not preclude 
additional on-site coverage, and at least one network, 
NBC, is making plans to set up additional cameras to 
supplement the pool television plan. 


Hookups for the pool cameras have been installed 
in two project buildings, the flight control center (JPL’s 
SFOF) and the science-team center (Building 264). The 
system also will be tied into hookups in the von Karman 
Auditorium where the Viking News Center will be 
located, and where a Lander simulator and Mars terrain 
model will help illustrate Lander operations on Mars. 


News persons and technicians representing the 
media are expected to start arriving prior to the Viking 1 
orbit insertion, growing to approximately 400 as a media 
voice for mission reporting and science revelations. The 
Viking News Center will provide the necessary facilities 
for radio and television, and the communication require- 
ments for media reporting. The Center will be managed 
by the NASA/JPL Public Affairs Office and staffed 24 
hours a day by a team of 20 information specialists from 
NASA Headquarters and several NASA centers. Standard 
NASA media accreditation will be observed, and media 
representatives will be given broad Project access during 
the mission in order to provide maximum visibility of 
mission operations. 


“Voice of Viking’ 
From SFOF Blue Room 


A key part of the reporting activity will be the 
“Voice of Viking’ which will originate from a specially 
designed studio called ‘“The Blue Room” in JPL’s SFOF. 
From this studio, Dr. George Sands and Travis Slocumb 
will disperse mission status information, interviews and 
commentary for the News Center. The ‘Voice of 
Viking’ will provide direct radio and television material 
and timely information for use by the media representa- 
tives at the Center. Blue Room programming will be 
transmitted throughout the JPL closed-circuit television 
system, which also will carry news briefings from von 
Karman. 


Scheduled/Unscheduled News Briefings 


The news briefings will be conducted at a regular 
time for each of the prime-shifts. There are three shifts 
each day, one of which is prime for a period of 12 days. 
It is during the prime shift that major activity is 
planned, and news briefings will be coordinated with the 
prime-shift schedule. Additional briefings will be added 
to cover specific topics of interest as required, and when 
dictated by special events or scientific discoveries. 
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VIKING STATUS AND TRAJECTORY 


The Viking spacecraft 
are operating very well 
and continue to per- 
form as expected on 
their flights to Mars. 
Roundtrip communi- 
cation time between 
Earth and the space- 
v2 arrival | craft has increased to 
27 minutes and 10 sec- 
conds for Viking 1, and to 26 minutes and 30 
seconds for Viking 2. Spacecraft activity was 
light during the week while Training Test 5 pro- 
vided some additional landed-operations experi- 
ence for the flight team. 


Viking 1 is 152.9 million miles from Earth 
and 7.1 million miles from Mars — 50 days from 
its Mars orbit insertion June 19. Its speed is 
71.655 mph relative to Earth, and 5722 mph 
relative to Mars. Viking 1 has flown 365.8 mil- 
lion miles of its 420-million-mile heliocentric, 
Mars-intercept trajectory. 

Viking 2 is 149.1 million miles from Earth 
and 12.6 million miles from Mars—99 days 
from its orbit insertion August 7. Its speed is 
71143 mph relative to Earth, and 4242 mph 
relative to Mars. Viking 2 has flown 335.1 mil- 
lion miles of its 443-million-mile heliocentric 
trajectory en route to the red planet. 
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Numbers can have interesting similarities. At this 
point on its orbit, Mars is 157 million miles from 
Earth and 155 million miles from the Sun, while 
Viking 71 is 152 million miles from the Sun and 


153 million miles from Earth. But the most excit- 
ing numbers by far are still those that tell us that 
Viking 7 is closing rapidly on its target, and will be 
in orbit around Mars in only seven weeks. 





PAST WEEK’S KEY EVENTS (Apr 24 - Apr 30) 


Viking Orbiter 1 Quiet 
Viking Lander 1 Active 
® Completed battery maintenance. (Apr 26) 
Viking Orbiter 2 Active 
® High-Gain Antenna calibration 

completed. (Apr 29) 
Viking Lander 2 Quiet 


Additional Activity 
@ TT-5 simulation of landed operations 
from SOL-8 through SOL-10 


completed. (Apr 26-29) 





Training Test 3 (TT-3) begins Sunday and runs 
through Tuesday (May 2-4). TT-3 is a simulation 
of preseparation and separation events. A Ground 
Data System test is scheduled to begin May 9, and 
will be followed by the /ast of the training tests, 
TT-4. Rescheduled from an earlier time frame, 
TT-4 is a simulation of the orbit-insertion update 
and event, with a malfunction problem introduced 
as a part of the training program. By mid-May, all 
testing activities will have been completed with the 
exception of the Operational Readiness Test 
scheduled for early June as a final, full-dress re- 
hearsal for the Viking-1 Mars orbit insertion. 


UPCOMING WEEK’S KEY EVENTS (May 1 - May 7) 


Viking Orbiter 1 Active 
@ Camera A Photo Calibration, 


Mars is target. (May 1) 
@ Thermal Mapper (IRTM) 

thermal calibration. (May 6) 
Viking Lander 1 Active 
® Start battery conditioning procedure. (May 5) 
Viking Orbiter 2 Quiet 
Viking Lander 2 Quiet 
Additional Activity 
@ TT-3 simulation of preseparation 

and separation. (May 2-4) 
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MARS AND VIKING AT JPL 


On the 4th of July, after the Viking-1 Lander has 
settled to the surface of Mars, it won’t be taking a rest 
break following the rigors of an 800 000-foot descent 
through the atmosphere. Within moments, one of its 
cameras will begin photographing the nearby surface of 
Mars, not only to show us where Viking 1 has 
landed — but also to begin certifying the sample site area 
for the preprogrammed sample acquisitions. 

The first two pictures will be awaited with an 
eagerness perhaps never before experienced during an 
unmanned planetary mission. The first picture will be a 
high-resolution image of the area adjacent to a footpad, 
and the second a panoramic survey. They will provide 
our first detailed look at the surface of Mars — the 
dream of men like Percival Lowell, Giovanni 
Schiaparelli, and countless astronomers down through 
man’s age of science. 

That moment is still two months away, but it has 
already happened here at the Jet Propulsion Laboratory. 
Even as Viking 1 and Viking 2 streak silently through 
space toward the red planet, the engineers and scientists 
of the Viking Flight Team are rehearsing for the real 
event with simulated mission activity and spacecraft. 

The Science Test Lander (STL), with operational 
cameras and surface sampler, recently served as the focal 
point for one such exercise, the highly successful and 
interesting Sample (Site) Certification and Timeline Test 
(SCATT). 
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The Science Test Lander (STL) is located in the atrium 
of the von Karman Auditorium. It is not just for show, 
but is used to test Lander science sequences and pro- 
cedures like those described in this story. 


In real-time operation, the Lander will acquire 
several samples and perform physical and magnetic prop- 
erties experiments in a predetermined and prepro- 
grammed sample area. The necessity to change this pro- 
grammed sample area for the surface sampler is not 
expected, but a capability exists to do Just that if an 
initial examination of the first Lander pictures shows the 
site to be unacceptable. In addition to the programmed 
sample acquisitions and activities, scientists plan other 
acquisitions and experiments with the surface sampler 
that are not preprogrammed, and which must be fed to 
the Lander’s computer by command updates from 
Earth. Just as such mission sequences can and will be 
added, preprogrammed sequences can be changed if 
necessary. 

So, even before the Lander’s 10-foot sampler 
boom extends tape-measure-like toward the surface — its 
collector head poised to dig furrows and chomp out 
bites of surface material to be fed to internal science 
instruments, the first five Mars days (SOLs) will be spent 
in a concentrated effort to analyze and interpret the first 
Lander pictures. The objective of this work will be to 
determine if the preprogrammed sample area meets 
sampling criteria, and to locate other areas of interest 
that might be used as alternates or for the additional 
acquisitions that are not preprogrammed. 


The SCATT exercise was conducted under the 


-leadership of Cary Spitzer to expose the science teams to 


the procedures and decision processes to be experienced 
during the first days of the landed mission. While each of 
these teams has its own unique objectives, a fundamental 
objective of mutual concern during this time period is 
the need to examine the preprogrammed sample- 
acquisition area to certify it for use. 

The certification work is led by the surface 
sampler team headed by Leonard Clark. For sample-site 
certification the team is augmented with representatives 
from all Lander science teams. The expanded team will 
review selected engineering data, pictures provided by 
the Lander imagery team, vertical topographic profiles 
of the site prepared by the Image Processing Lab at JPL, 
and a topographic map prepared by the United States 
Geological Survey (USGS) in Flagstaff, Arizona. 

Tentative assessments are made on the basis of 
pictures from the first camera, but final decisions cannot 
be made until after SOL-3 (fourth landed day) when the 
second camera begins to take pictures. With the addition 
of this camera’s perspective, located approximately three 
feet from the other, an exciting new ingredient is added 
to the formula for interpreting Lander photo- 
graphs — three dimensional imagery. With these, depth 
can be seen and distances can be determined with precise 
accuracy. 

The STL, located in the von Karman Atrium, is 
positioned in a sandbox setting containing surface 
materials which can be modeled to simulate the Martian 
terrain near the Lander. The backdrop for the setting is 
an artist’s concept of one kind of scene scientists think 
the distant horizon on Mars might present to the Lander 
cameras. 

To prepare for the SCATT exercise, geologist 
James Gliozzi designed the ‘‘sandbox”’ with a number of 
challenging photo-interpretation problems. The fore- 
ground design (surface-sampler area and slightly beyond) 
included different types of materials from sand to large 
rocks, a variety of mineralogical colorations, some 
dune-like ridges and several small, venting (dry ice vapor) 
volcanic cones. All of these features were designed and 
modeled in complete secrecy so that none of the 
scientists performing the interpretive work with pictures 
from the Lander cameras could be biased by any knowl- 
edge of what the scene really looked like. Now, to illus- 
trate real-time activity, the progress of sample-site certi- 
fication and Lander operations will be presented as 
though actually happening on Mars. 





The STL has a companion sandbox which can be 
modeled to provide interesting photo-interpretation 
problems for the Lander science teams. This is what the 
“Mars terrain” looked like for the SCATT exercise. 








At the top is what the first picture taken on Mars, moments after landing, might look like. It is a composite of three frames. This 
particular frame sequence has been processed by the first order enhancement program to provide more contrast and remove low 
frequency light variations (see back flap for further explanation). The information illustrated with the picture actually appears 
separately with each frame, providing a complete log of data about its acquisition, sequence and type of enhancement. At the right of 
each frame would be the scales shown here to depict precise data needed to keep frame sequences consistent according to light 
gradation and contrast. 


The bottom picture is the Camera-1 panorama frame sequence taken on SOL-3, it is intended to provide stereo perspective when 
paired with the same panorama recorded by Camera 2 following touchdown on SOL-O. This sequence required six frames to provide 
the full 300-degree panorama, of which only three are composited here to i//ustrate the terrain details described in the story on these 
pages. Note that the picture also helps to verify the deployment of Lander instruments, like the Meteorology unit at the far left, while 
characterizing the surface terrain. The cones, dunes and other details mentioned in the story can be seen. 
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THE FIRST NINE DAYS ON MARS 


The Viking Lander has been on Mars only 
moments. It is SOL-O. Camera #2 is one of the first 
science instruments to go into operation, and within 
minutes of the landing the first surface picture of the red 
planet —converted into millions of bits of radio 
data — is on its 18-minute, speed-of-light trip back to 
Earth. The huge antennas of the Deep Space Network 
gather in the signals and relay them to the Jet Propulsion 
Laboratory for photo reconstruction and computer 
enhancement. 


The first picture contains three frames showing the 
Number-3 footpad and a small area adjacent to the foot- 
pad. Even as this picture is being seen for the first time 
on Earth, a second is beaming its way from Mars con- 
taining six frames representing a 300-degree panoramic 
view in front and around the side of the Lander. 

Now the Lander science teams have the pictorial 
data they vitally need to begin the sample-site certifica- 
tion activity — an important requirement which must be 
completed by SOL-5. The first picture offers nothing 
startling or threatening, but shows that the Lander 
bounced or slid slightly on landing and scattered some of 
the sand-like surface material. Other fundamental details 
are noted such as the grain size of the material, its 
cohesion quality, and the general texture. All of these 
things will help develop a real understanding of the sur- 
face and will aid in the sample certification work. 

The panoramic second picture is available now, 
and the horizon immediately suggests that strong wind 
forces in the thin Martian atmosphere move and shape 
the surface material. In the foreground, the wind con- 
cept is further enhanced by the presence of several small 
dune-like structures. A small field of dark pebbly 
material can be seen near a large rock and, in the dis- 
tance to the left, a short chain of several small cones are 
visible which seem to have vents. A visible irregularity 
above the cones, not caused by any part of the imagery 
equipment or process, leads the scientists to think that 
the cones might be venting. 


The distances to the nearby features are estimated 
and, on the basis of these estimates, a concern develops. 
One of the low dunes is positioned at a distance and 
elevation that could produce a sample-acquisition prob- 
lem at the preprogrammed surface sampler target area. 
Though such conclusions at this point can only be tenta- 
tive without the help of stereo pictures and information, 
the team proceeds to examine the pictures carefully for 
a potential alternative site. 


On SOL-2, the surface sampler assembly turns 
slowly toward the front of the Lander. The collector 
head shroud, in place to protect the sampler since the 
spacecraft was assembled on Earth more than a year 
earlier, is ejected towards footpad #3. A picture is taken 
of this shroud, which was aimed to strike the ground 
near the same footpad photographed on SOL-O. The 
material scattered by the shroud’s impact gives scientists 
more insight into the soil characteristics. Also, an image 
is reflected from a small area under an engine by a 
mirror mounted on the surface-sampler boom assembly. 
A few dark colored small rocks can be seen in the 
mirror, and they may have been exposed by the rocket 
plume during the landing. 


On SOL-3 the second camera, Camera #1, provides 
the pictures needed for stereo image interpretation. The 
distance estimates made with only one camera are found 
to have been correct within inches, and the concern 
about the preprogrammed sample site becomes a real 
factor. The Image Processing Lab has prepared precise 
vertical topographic profiles of the preprogrammed site 


and candidate alternate sites, and the USGS in Flagstaff 
has used the pictures to prepare a topographic map of 
the local terrain. 

The Surface Sampler Team, convened with the 
Flight Team Management to make the final decision for 
site certification, pours over the pictures and data for 
nearly a full day and finally makes its decision — a com- 
mand update will be prepared to reprogram the Lander’s 
sample acquisition sequence. The update will replace the 
preprogrammed site with another site that is judged to 
be safer. 

The commands must be ready for transmission on 
SOL-5. To insure that they are ready on time, the 
Lander command and sequencing team must work 
swiftly to convert the detailed instructions given by the 
surface sampler team and Lander imaging team into a 
revised and carefully verified sequence for the Lander 
computer. 

After transmission on SOL-5, the updated 
sequence is transmitted back to Earth to verify that it 
has been received and properly programmed by the 
Lander. Everything is okay, and the Lander is ready for 
its first sample acquisitions. 

On SOL-8, the collector head is slowly extended 
by the boom to the precise point prescribed by the sur- 
face sampler team, the successful product of a command 
update concept designed and developed many years 
before this ultimate moment on the surface of Mars. 

i? 


The SCATT exercise was probably more challeng- 
ing and complex than the events of the real mission will 
be. But for the engineers and scientists of the Viking 
Flight Team, the exercise was a dramatic illustration of 
the capability they will have in acquiring the kind of 
information they want and the quality of the interpreta- 
tion they will be able to provide. 





The Science Test Lander acquired good samples follow- 
ing the SCATT command update changing the sample- 
site target. Then, as a check on the decision to select a 
new site, the original preprogrammed sequence was also 
attempted. The results (below) verified beyond any 
doubt that both the certification analysis and update 
decision were accurate — the preprogrammed acquisition 
sequence hung the collector head over the crest of the 
dune as predicted. .. without a sample acquisition. 
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The image frames on this page would be those taken on 
SOL-2 after the shroud was ejected. This particular 
sequence required two frames. No. 7 is the 2nd frame of 
the sequence, and represents the 4th (highest) level of 
contrast. No. 2 is actually both frames composited as they 
would be in actual use, and this sequence represents the 
3rd level of contrast. No. 3 is the 1st frame of the 
sequence representing the 2nd level of contrast, and No. 4 
is frame 2 of the sequence again — this time representing 
the lowest level of contrast (a “RAW” image). All of these 
frames are prepared at first-order enhancement only, and 
can be subjected to numerous second-level enhancement 
processes to correct for radiometric (color spectral 
response) and geometric (perspective curvature) distor- 
tions. Note how contrast variations change the character 
of the scene, revealing or reducing shadow effects or sur- 
face detail. 
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These are high resolution pictures of the Mars 
terrain model in von Karman Auditorium as it 
was prepared for the recent TT-5 exercise. Both 
show the same subject, but the top frame was 
imaged by Camera 2 at a higher azimuth than 
the bottom photo imaged by Camera 7. The 
feature in the foreground is interesting in that it 
is the kind of feature that might be created by a 
liquid upswell — such as water from melting per- 
mafrost. [t was characterized during TT-5 as a 
liquid-solid sand flow. While TT-5 was not 
related to the SCATT exercise, the landed 
activities it simulated provided additional 
photo-interpretation experience for the Lander 
science teams. 
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SPACECRAFT STATUS AND TRAJECTORY 


The Viking spacecraft 
continue to operate 
well and to perform as 
expected on their 
flights to Mars. Round- 
trip communication 
time between Earth 
and the spacecraft has 
increased to 28 min- 
utes and 18 seconds 
for Viking 1, and to 27 minutes and 38 seconds 
for Viking 2. Spacecraft activity was light during 
the past week as the flight team involved itself in 
TT-3 — a simulation of the preseparation- 
through-landing phase. 


Viking 1 is 159.3 million miles from Earth 
and 6.3 million miles from Mars — 43 days from 
its Mars orbit insertion June 19. Its speed is 
73 635 mph relative to Earth, and 5803 mph 
relative to Mars. Viking 1 has flown 373.5 mil- 
lion miles of its 420-million-mile heliocentric, 
Mars-intercept trajectory. 


Viking 2 is 155.9 million miles from Earth 
and 11.9 million miles from Mars — 92 days 
from its orbit insertion August 7. Its speed is 
73 141 mph relative to Earth, and 4424 mph 
relative to Mars. Viking 2 has flown 342.8 mil- 
lion miles of its 443-million-mile heliocentric 
trajectory en route to the red planet. 


V1 ARRIVAL 


V2 ARRIVAL 








Lowel! Map of Mars Drawn in 1895 


ABOUT THE COVER PICTURE... 


On Saturday, May 1, scan and photo calibrations 
were conducted on Viking 1. Camera A was used 
to record the photo sequence, and Mars was used 
as the calibration target. The planet offers /ittle 
more than a partial disc of light at this great dis- 
tance — 7 000 000 miles, but the slight amount of 
lightening at the left side of the terminator has 
been identified as the fringe of the south polar 
hood. If you had been onboard the spacecraft as 
the picture was being taken, Mars would have 
appeared to be only 1/13th the size of the Moon 
as seen from Earth. 


PAST WEEK’S KEY EVENTS (May 1 - May 7) 


Viking Orbiter 1 Active 
@ Camera A photo calibration — 

Mars is target. (May 1) 
@® Thermal Mapper (I RTM) 

thermal calibration. (May 6) 
Viking Lander 1 Active 


@ Start battery conditioning procedure. (May 5) 
Viking Orbiter 2 Quiet 
Viking Lander 2 Quiet 


Additional Activity 
@ TT-3 simulation, preseparation 


through separation. (May 2-4) 


UPCOMING WEEK'S KEY EVENTS (May 8 - May 14) 


Viking Orbiter 1 Active 
® Thermal Mapper (IRTM) playback. (May 8) 
@ Camera B photo calibration — 

Mars is target. (May 8) 
@ Photo playback. (May 8,9 & 11) 
Viking Lander 1 Active 
@ Battery conditioning complete. (May 8) 
@ Battery A charge, Battery B 

discharge. (May 13-14) 
Viking Orbiter 2 Active 
® Position scan platform; Water Vapor 

Mapper (MAWD) calibration. (May 12) 
@ Accelerometer and gyro 

calibration. (May 12-13) 
Viking Lander 2 Active 
@ Tape Recorder maintenance; 

Meteorology checkout. (May 9) 
Additional Activity 
® Ground Data System test. (May 9-10) 


® TT-4 update and event simulation. (May10-11) 


OCCULTATION DEMONSTRATION 


An occultation demonstration will be conducted 
May 12, using spacecraft data to test ground 
equipment and software peculiar to the require- 
ments of a Mars occultation experiment. This kind 
of experiment would occur as the spacecraft 
approached the limb to go behind Mars, or as it 
emerged from behind the planet. Occulations pro- 
vide opportunities to conduct radio science investi- 
gations of Mars’ atmosphere and ionosphere. DSN 
tracking stations, and ground equipment at JPL, 
will be utilized during the demonstration. 
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SPACECRAFT STATUS AND TRAJECTORY 


The Viking spacecraft 
are operating well and 
performing as expect- 
ed on their flights to 
Mars. Roundtrip 
communication time 
between Earth and the 
” | spacecraft has in- 
sapien V2 ARRIVAL creased to 30 minutes 
and 40 seconds for 
Viking 1, and to 30 minutes and 6 seconds for 
Viking 2. The spacecraft were somewhat busier 
during the past two weeks, involved in a number 
of scheduled activities, while the flight team 
completed the last of the training tests -TT-4. 

Viking 1 is 172.1 million miles from Earth 
and 4.2 million miles from Mars — 29 days from 
its Mars orbit insertion June 19. Its speed is 
77 487 mph relative to Earth, and 5948 mph 
relative to Mars. Viking 1 has flown 389 million 
miles of its 420million-mile heliocentric, 
Mars-intercept trajectory. 

Viking 2 is 168.8 million miles from Earth, 
and 10.3 million miles from Mars — 78 days 
from its orbit insertion August 7. Its speed is 
77021 mph relative to Earth, and 4799 mph 
relative to Mars. Viking 2 has flown 358 million 
miles of its 443-million-mile heliocentric 
trajectory en route to the red planet. 





Only one exercise remains in the test/ 
demonstration schedule prior to the Viking 1 Mars 
orbit insertion (MOI) — the Operational Readiness 
Test (ORT) June 2-3. Appropriately, the ORT is a 
last full-dress simulation of the Viking 7 orbit 


insertion activity. The latest spacecraft data will be 
used as a baseline for the exercise to bring it as 
close as possible in likeness to what the Viking 7 
MO! will be like. 





PAST TWO WEEK’S KEY EVENTS (May 8 - May 14) 


Viking Orbiter 1 Active 

® Thermal Mapper (IRTM) playback 
completed. 

® Camera B photo calibration and 
playback completed. (May 8,9 & 11) 

@® |mage sequence playback from 


(May 8) 


Optical Navigation Series #1. (May 17-20) 
Viking Lander 1 Active 
® Battery conditioning 

completed. (May 8, 13-14) 
@ Battery conditioning. (May 18-21) 
Viking Orbiter 2 Active 
@ Water Vapor Mapper (MAWD) 

calibrated. (May 12) 
@ Accelerometer and gyro 

calibrated. (May 12-13) 
® Camera A photo calibration — 

Mars was target. (May 21) 
® |mage playback. (May 21-22) 


Viking Lander 2 Active 


® Battery conditioning. (May 15-18) 
Additional Activity 
® Ground Data System test 

completed. (May 9-10) 


UPCOMING WEEK’S KEY EVENTS (May 22 - May 28) 


Viking Orbiter 1 Active 
@® Accelerometer and Gyro 


calibrations. (May 25) 
@ Thermal Mapper (IRTM) 

calibrations. (May 25) 
Viking Lander 1 Active 
@® Tape Recorder maintenance. (May 25) 
Viking Orbiter 2 Active 
® Camera B photo calibration. (May 25) 
@® Playback Camera A imagery. (May 24) 
@ Playback Camera B imagery. (May 25) 


Viking Lander 2 Active 
® Battery conditioning. (May 27-26) 
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AUSTRALIAN DSN STATION — The lush hill 
country of the Tidbinbilla Valley near Canberra 
provides a scenic setting for DSN stations 42 
and 43. Station 42 utilizes the smaller 24-meter 
(85-ft) antenna at the right, which uses polar 
coordinates. Station 43 is represented by one 
of three huge 64-meter (210-ft) antennas posi- 
tioned at nearly equidistant locations around the 


Take a deep breath! 


The Viking 1 mission is now only days away. 
The Viking science mission will begin in earnest 
June 14 with the first approach photography, to 
be followed by thermal and water vapor scans 
and by orbit insertion June 19. From early June 
through November, Viking Flight Team partici- 
pants will be busy with an around-the-clock 
schedule of mission activity. 

As the mission schedule gets under way, 
busy rotating shifts will be the rule and days off 
may be few. With Mars landings scheduled for the 
4th of July and Labor Day weekend (Sep 4th), 
even the standard summer holidays will be pre- 
empted by Viking’s demanding work load. In 
preparation for this intense schedule, the last week 





Earth — facilitating a 24-hour communication 
link with the Viking spacecraft. The Australian 
64-meter station recently teamed with the Gold- 
stone 64-meter station to perform the Viking 
mission’s first radio science experiment — a 
solar wind experiment designed to investigate 
the Sun’s plasma outflow (solar wind). 


of May has been protected as a rest period for the 
Flight Team. Spacecraft and Flight Team activities 
will be confined to mission-necessary operations, 
and all but essential personne! will be released dur- 
ing the period of May 26 through May 31 to spend 
a long, enjoyable weekend with their families. For 
this reason, the next bulletin will be datelined for 
June 11. The frequency of bulletin production will 
increase as needed, as the mission product 
becomes available in larger quantities. 


For you Viking Flight Team members and 
your families — have a pleasant rest period. For 
the rest of you, take a deep breath — Mars is about 
to have visitors! 
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VIKING 1 PRESSURANT LEAK 
REQUIRES CHANGE IN APPROACH 
AND ORBIT INSERTION PLAN 


Both Viking 1 and Viking 2 continue on 
their missions to Mars. Viking 2, in good health 
and performing as expected, is 3.3 million miles 
from Mars and 53 days away from its orbit 
insertion August 7. Viking 71 is within 730 000 
miles of Mars, and approach observations have 
begun. Viking 7 is now only five days from orbit 
insertion June 19. The spacecraft is being moni- 
tored very carefully as its approach and orbit 
insertion are replanned as a result of a pressurant 
regulator problem in the Orbiter’s main propul- 
sion system. This bulletin will be devoted to a 
general description of the problem, and will 
present the new plan as currently defined. In 
brief, the orbit insertion will be delayed by 
approximately 6 hours to 3:54 PM Pacific Day- 
light Time (PDT), and a second approach course 
maneuver will occur at 7:00 AM PDT tomorrow 
morning (June 15). There is a potential impact 
on the landing, but the current plan is to con- 
tinue with the July 4 landing. 


THE PROBLEM 


It should first be understood that the 
problem on Viking 1 was not one that could be 
described as an Operational emergency, and 
neither the spacecraft or its mission were in 
immediate danger. Were it not for ramifications 
into areas of mission reliability resulting from 
the side effect of decisions made to cope with 
the problem, it might have been treated as 
minor. Indeed, the regulator at the heart of the 
problem has continued to function properly ex- 
cept for a tiny flaw in its performance. 


However, in deep space even minor prob- 
lems must be evaluated and acted upon with 
extreme care, because the implementation of 
backup systems can significantly weaken the line 
of defense against more serious problems or 
eliminate options that provide greater assurances 
for the safe continuation and success of the 
mission. This concept is the baseline priority for 
the resolution of all Viking problems, even when 
easy resolutions must be sidestepped in favor of 
those that demand excesses of Flight Team 
dedication and energy to assure the safest path 
of operation. 


Orbiter propellant and pressurant tanks are 
revealed in this cutaway of the propulsion sys- 
tem. Helium pressurant is contained in a single 
tank under high pressure, providing a natural 
outflow to the propellant tanks which are main- 
tained at a much /ower pressure. 


Oxidizer 
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This picture of Mars, one of several in a 
sequence of early-approach optical navigation 
photos taken in recent days, clearly reveals the 
protrusion of Mars’ large volcanoes above the 
surface. The most apparent spot near the limb at 
the upper right is Olympus Mons, the largest of 
four huge volcanoes known to rise approxi- 
mately seventy to eighty thousand feet above 
their bases. 








Essentially, an automatic regulator valve 
which controls the flow of helium pressurant 
into the oxidizer and fuel tanks of the Orbiter 
propulsion system has developed a tiny leak — 
so tiny that the cause of the leak is thought to 
be no larger than half the size of a red blood 
cell. However, the helium tank is itself pressur- 
ized to a very high pressure, approximately 3600 
pounds per square inch (psi), in order to provide 
sufficient natural pressure to pressurize the pro- 
pellant tanks. With such high pressure behind it, 
even this tiny leak allows a small, steady increase 
of pressure in the two propellant tanks of 
approximately 0.36 pounds per hour. This is a 
slow leak and poses no rapidly developing 
threat, but does require periodic pressure reduc- 
tions in order to stay below critical levels. One 
way to achieve this without isolating the helium 
source is to burn propellants by firing the Or- 
biter’s main engine, thereby decreasing tank 
pressures. 


Because the leak was first detected as the 
propulsion system was being prepared for what 
was planned to be the final course correction 
maneuver June 9, that engine burn was delayed 
to the following morning. The maneuver was 
reprogrammed to a 50-meter-per-second slow- 
down burn lasting for 125 seconds — significant- 
ly greater than the original plan had called for. 
This change was made for two reasons: first, 
because it was believed that the leak might be 
caused by a tiny particle caught in the regulator 
valve that might be flushed out by the increased 
helium flow during a longer engine burn; and 
second, because the longer engine burn signifi- 
cantly reduced propellant tank pressures to a 
level that, even if the leak rate continued, they 
would not build to critical levels again for a 
reasonable period of time. 


The maneuver did not resolve the leak 
problem as hoped though the regulator worked 
properly, but the leak rate was reduced. This 
latter development not only bought additional 
time for the Flight Team’s analysis of the prob- 
lem, but provided an option opportunity that 
has been implemented as the first phase of the 
new approach plan — the addition of a single 
course-correction maneuver prior to orbit inser- 
tion, to occur Tuesday morning, June 15. This 
engine burn will last for 144 seconds and is 
designed to slow the spacecraft by 60 meters per 
second. It will have essentially the same objec- 
tives as the first approach maneuver — to 
attempt to flush out the cause of the leak and to 
reduce propellant tank pressures. Engine ignition 
for the burn is planned to occur at 7:00 AM, 
PDT. 


SYSTEM OPERATION AND PROBLEM DETECTION 


An automatic valve like the Viking Orbit- 
er’S pressurant regulator is designed to operate 
when pressures are fluctuating during periods of 
engine operation. During space flight, when the 
engine is not being used and tank pressures are 
Stable, it is better to seal off — isolate — the 
pressurant and not depend upon the regulator 
for zero-leakage over long periods of time. The 
valve’s history reveals that it worked perfectly, 
without leakage, for the post launch mid-course 
maneuver last fall. It was then sealed off from 
the pressurant flow by squib valve P1. 


The valve ladder designed to isolate or release 
the helium pressurant is positioned between the 
helium tank and the regulator. Valves P71, P2 and 
P3 have already been utilized, and this i/lustra- 
tion represents the current valve status in the 
pressurant line of the propulsion system. 
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The illustration shows the current valve 
status. It can be seen that squib valve P1 is part 
of a series of valves making up a ladder system in 
the pressurant line between the helium tank and 
the regulator, beyond which are the propellant 
tanks the helium is intended to pressurize and 
into which it is now leaking. Squib valves are 
very positive valves which can only function 
once, being initiated for that function by a small 
pyrotechnic charge (explosive). Squib valves can 
either be open or closed at the start of the 
mission, with the one-time effect of their deton- 
ation being to reverse that function. In this 
particular valve ladder valves P1, P3 and P5 were 
closed at the start of the mission to prevent 
helium flow through their respective lines, to be 
opened when detonated. Valves P2 and P4 were 
Open at the start of the mission, to be closed 
when detonated. 

Note that at the start of the mission the 
helium pressurant is isolated until the first valve, 
P1, is opened to allow helium through line A. 
That was done just prior to the post launch 
mid-course maneuver in order to provide pro- 
pellant pressurization control via the regulator 
valve for the maneuver. Following the maneuver, 
valve P2 was fired to be closed, again isolating 
the helium source — creating the configuration 
the propulsion system has been in throughout 
the cruise phase of the mission. On June 7, squib 
valve P3 was fired to open line B, releasing 
pressurant once again, this time in preparation 
for what was planned to be the final approach 
course=correction maneuver. The regulator valve 
is designed to shut down the pressurant flow 
when the propellant tanks reach a nominal pres- 
sure level of 255 psi, but Flight Team controllers 
noted that tank pressures continued to climb at 
a slow rate after reaching that level — the leak 
had been detected. 


APPROACH AND ORBIT INSERTION REPLAN 


With valves P1, P2 and P3 already fired, 
only one set of squib valves remains for a cycle 
of first isolating and then releasing the helium 
flow. Firing valve P4 would effectively solve the 
problem of pressure buildup in the propellant 
tanks by sealing off the flow of helium through 
line B, and this could be done at any predeter- 
mined level of pressurization the Flight Team 
selected as the optimum level for later operation 
of the Orbiter’s engine. However, this course of 
action would require an absolute commitment 
to firing valve P5 to free the pressurant through 
line C and provide propellant tank pressurization 
for the orbit insertion engine burn. P5 is the last 
valve on the ladder, with no additional options 
available should it fail. 


While it is fair to recognize that squib 
valves have unsurpassed reliability, and a perfect 
record in space, it is clear that greater option 
flexibility — and therefore mission safety — 
would result if valves P4 and P5 could be saved 
as a contingency and an additional engine burn 
added to resolve the matter of high pressure. 
The monitoring of the leak rate had indeed 
shown that it was reduced during the first 
approach course maneuver and was constant, 
and the slower rate made it possible to adequate- 
ly reduce the propellant tank pressures with a 
single additional course maneuver prior to orbit 
insertion. While it cannot be predicted that the 
leak rate will remain constant after another 
engine burn, the history of the leak following 
the first approach maneuver suggests that — If it 
changes at all — it will be reduced still more as 
the helium flow gets the additional opportunity 
to wash the tiny impairment out of the regula- 
tor. 


If the leak rate remained essentially un- 
changed or lower from what it was prior to the 
maneuver, pressure would not become a prob- 
lem prior to the orbit insertion burn Saturday. 
During this and the first trim maneuver designed 
to bring the spacecraft to its 24-hour landing site 
synchronous orbit, sufficient propellant will 
have been burned off so that excessive pressure 
will never again be a problem as a result of 
having helium slow-leaking into the propellant 
tanks. 


Viking 1's orbit insertion will be delayed 
and the initial Mars revolution will differ from 
that planned for the nominal mission. A varia- 
tion from the original profile for initial orbital 
Statistics is made necessary by the fact that the 
combined approach maneuvers have produced a 
significantly greater reduction in trajectory 
velocity than was planned, requiring a change to 
compensate for the later time of arrival and the 
planet’s rotation reference relative to the space- 
craft. Orbital statistics are currently being de- 
fined with consideration for the factors of site 
certification and synchronization. The new 
initial orbit resulting from the orbit insertion 
burn will be a large eliptical orbit with a revolu- 
tion period of 42.6 hours and in an inclination 
of 37.7°. 


a | 


A great deal of hard work — requiring 
many long hours — has prevented a minor prob- 
lem from evolving into a threat to the mission. 
Viking 1 is no longer on its way to Mars — it has 
arrived, and its products will soon be available in 
these pages. 





This picture of Mars, one of several in a 
sequence of early-approach optical navigation 
photos taken in recent days, clearly reveals the 
protrusion of Mars’ large volcanoes above the 
surface. The most apparent spot near the limb at 
the upper right is Olympus Mons, the largest of 
four huge volcanoes known to rise approxi- 
mately seventy to eighty thousand feet above 
their bases. 
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SURFACE ICE AND ICE FOG 
WELCOME VIKING 1 TO A SOUTHERN 
MARTIAN WINTER 


Viking 1 approach photography is well under way 
with the orbit insertion maneuver at hand. This set of 
two pictures represents the same image except that the 
bottom picture is called a “‘stretched’’ version. The 
stretched version is a high contrast image which helps to 
define features and illustrate details — it is not an 
accurate representation of what the planet looks like. On 
the other hand, the top image is a contrast-enhanced 
variation that is a near-normal contrast representative of 
Mars. The region near the top is the Tharsis region where 
the big Martian volcanoes are found. The dark spots 
clearly visible are the four largest volcanoes, and the 
white spots at their centers are the calderas. The volcano 
nearest the terminator line is Arsia Mons, and its caldera 
is the largest — approximately 75 miles across. Pavonis 
Mons and then Ascraeus Mons are the next two 
volcanoes in that line of three volcanic cones on the 
Tharsis Ridge. 

Above them by itself is the largest of the four, 
Olympus Mons. The area South of Olympus Mons has 
been observed by Viking 1 as being quite bright, and this 
brightening is believed to be caused by condensates in 
the atmosphere (ice fog). This was not unexpected and 
had been predicted on the basis of late Mariner 9 
photographs. It is not fully understood yet why the 
volcanoes themselves appear so dark, but it could be the 
result of current atmospheric conditions or the result of 
some change in the albedo of the volcanoes since the 
conclusion of the Mariner 9 program in 1971. 

This brightening effect has also been noted in 
other areas, including some in the Chryse region where 
the Viking 1 Lander will be touching down on the 4th of 
July. In these pictures a bright area can be seen near the 
bottom in a desert-like area known as Argyre. The 
brightness of Argyre, which is in the Southern 
hemisphere, makes it look a little like a polar cap — but 
the South polar hood is not visible in this picture. 

In addition to the brightening of these and other 
areas by atmospheric condensates, there seems to be a 
general brightening throughout the atmosphere for the 
same reason. This can be seen as a general brightening 
toward the horizon. These findings are considered a very 
good indication that the Viking spacecraft is indeed 
arriving at Mars at a good time when water vapor or ice 


fogs will be present. Also, except for the presence of 
these condensates, the atmosphere appears to be very 
clear and void of the kind of blowing dust that 
welcomed Mariner 9. 

Initial observations with the atmospheric water 
detector can only provide averaging data at these 
early-approach distances, but the instrument is providing 
information that suggests atmospheric water vapor 
abundance is about as expected for the season — 
approximately 6 precipitable microns — during 
early-morning in the Southern hemisphere. 





Mars appears to be growing rapidly as Viking 1 closes for 
orbit insertion. Surface features are becoming visible 
with increasing detail, and in the high contrast version 
below — those details are even more apparent. The 
Martian “Grand Canyon,” Valles Marineris, can be seen 
southeast of the middle volcanoe over virtually all of its 
2500-mile length. 
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MARS ORBIT INSERTION 
“... LIKE CLOCKWORK!” 


“We're finally in orbit, and | must admit 
/’m relieved,’” were the words James S. Martin, 
NASA‘s Viking Project Manager, used Saturday 
afternoon at JPL to announce that Viking 1 had 
indeed been successfully placed in orbit around 
Mars. His announcement — perhaps reflecting a 
little of the pressure of nearly two weeks of 
tense pre-MOI activity, which included a space- 
craft problem that necessitated a change in the 
approach and orbit insertion plan — was made 


Onthe MOl.... 


James S. Martin, Viking Project Manager: 
“It took an awful lot of people around the Ee 
world to make this happen.” 

Tom Young, Viking Mission Director: 


“All systems appear to be performing 
nominally. 


Dr. P. T. Lyman, Director, Spacecraft Per- 
formance and Flight Path Analysis: 


44 


.. computers and DSN _ worked like 
clockwork.” 


W. J. O'Neil, Head, Flight Path Analysis 
Group: 


“.. can only be described as excellent.” 


only moments after the Orbiter’s engine-shut- 
down was confirmed at 4:16 PM PDT.” 

The sequence of events needed to prepare 
the spacecraft for the orbit insertion, and the 
long engine burn itself, appear to have been suc- 
cessful in virtually flawless style — all of which is 
reflected in the accuracy of the orbit achieved. 
The Mars orbit insertion maneuver for Viking 1 
required the longest engine burn yet in deep 
space far from Earth — 38 minutes consuming 
2330 pounds of propellant. In comparison, 
Mariner 9 required an engine burn of 15 min- 
utes when placed in Mars orbit in 1971. 





EDITOR: Each team playing a part in the conduct of the Viking mission is dedicated to the 
ultimate quality possible in their area of responsibility. The product of each team’s work is the first 
concern and point of reference for the manager or director charged with contributing that tech- 
nology to the unified objective of a successful mission. It is therefore not surprising that they 
should take great pride in their organizations and people when the proof of performance can be 


illustrated so dramatically in the harmony of success. 
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MOI by Design 


The spacecraft was slowed somewhat by 
the two approach midcourse maneuvers last 
week as its trajectory was corrected. Velocity 
was increasing gradually until the spacecraft 
began to enter the rapidly strengthening 
influence of Mars’ gravitational attraction. 
Viking 1’s speed then began to increase rapidly. 
With only an hour to go before engine ignition, 
the spacecraft’s velocity was up to nearly 8000 
mph relative to Mars — and, just prior to igni- 
tion, had reached almost 9000 mph. 

The expected high velocity and accelera- 
tion at this point figured most prominently in 
the reason for the long engine burn, for without 
strong deceleration the speed of the spacecraft 
would have carried it past the planet on a fly-by 
trajectory. Viking 1 had to be slowed down to a 
velocity that would allow the influence of Mars’ 
gravity to override the spacecraft’s approach 
speed and capture it in orbit. This had to be 
accomplished in a manner that would allow the 
spacecraft to achieve an orbit selected and 
designed to the dimensions needed to accom- 
plish the mission. 

It is for the latter reason that the precise 
time and energy of the insertion burn are so 
important, and it is a factor that adds consider- 
able complexity to the relatively simple problem 
of slowing the spacecraft enough to acquire 
“fany’’ orbit available through chance. The 
Viking 1 orbit insertion burn was designed to 
slow the spacecraft by 2500 mph. The first 36 
minutes of the engine burn were needed to get 
the spacecraft into orbit, and the last 2 minutes 
to “‘fine tune’’ the orbit to mission 
specifications. 


Orbit Insertion — Dawn to Dusk 


Throughout the morning of the 19th, all 
activity was focused on the orbit insertion 


maneuver — no science was to be performed. 
Early in the morning, gyros took over the task 
of spacecraft pointing so it could be maneuvered 
independent of celestial references. Beginning 
early in the afternoon, a roll-yaw-roll sequence 
of positioning maneuvers was performed to get 
the spacecraft precisely pointed for the orbit 
insertion engine burn. The Orbiter’s high-gain 
antenna was also repositioned so that a com- 
munication link with the spacecraft would be 
assured during the burn. These maneuvers pro- 
duce a short, expected blackout period when the 
communication link is lost — 3:06 to 3:31 PM 
PDT* for Viking 1 — during the latter moments 
of their performance prior to engine ignition. 
However, the events ticked off as certainly as 
the seconds on the mission clock, and the stage 
was set for Viking 1’s orbit insertion. 


Ignition was right on time at 3:38 PM 
PDT*. The huge 210-foot antenna at Goldstone 
gathered in the faint signals, amplified them, and 
sent them into the Viking Control Center at JPL 
to be monitored and evaluated. Within moments 
of ignition, the first excited words of confirma- 
tion came over the Flight Team’s voice 
nets —"’... right on the predict!’”’ There were 
no dissenters, each echoed the one before. 


Confirmation of engine shutdown came at 
4:16 PM PDT“, and it was quickly noted that 
the burn had ended 10 seconds earlier than 
predicted. The spacecraft computer had 
detected that engine thrust was /7-tenths of a 
pound greater than its design thrust of 300 
pounds, and the 10-second-early shutdown was a 
sensitive compensation for that variance. The 
spacecraft was then “unwound” through a 
reversal of the pre-MOI roll-yaw-roll maneuvers, 
the high-gain antenna was again repositioned, 
and Viking MOI was essentially concluded at 
5:23 PM PDT™. 


These roll-yaw-roll maneuvers positioned the spacecraft for the orbit insertion burn Saturday, and then 
repositioned it for mission performance after the burn was completed. These kinds of maneuvers are 
performed with the Orbiter’s attitude-control-system gas jets which get their propulsive energy from 
pressurized nitrogen stored in bottles that are not part of the main propulsion system. The small gas jets 


are located at the ends of the solar panels, 
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The incredible navigation accuracy was the 
result of intense work performed by the Flight 
Path Analysis Group headed by its “Chief Navi- 
gator,”’ Bill O'Neil, of JPL. Their product, with 
that of the Orbiter Performance Analysis Group 
headed by Ron Ploszai, combined with the 
quality of the spacecraft’s performance to pro- 
duce an orbit of remarkable accuracy. 


The Importance of Accuracy 


The accuracy of the insertion orbit is very 
important to the planning and accuracy of the 
mission orbit to which the spacecraft is trimmed 
after only one full revolution. The nominal 
insertion orbit would have been 1500 kilometers 
at its periapsis (low point) and 50 600 kilom- 
eters at its apoapsis (high point). The revolution 
period for the spacecraft on this orbit was 
designed to be 42.6 hours. 

After close analysis of spacecraft data 
following orbit insertion, in conjunction with 


the pin-point accuracy of the Deep Space Net- 
work (DSN), it was determined that Viking 1°s 
orbit period was only 12 minutes short, at 42.4 
hours, as compared to a possible allowed 
variance of 2 hours on a plan of 99% accuracy. 
The periapsis, which was initially predicted 
would be 1511 kilometers, is only 3 kilometers 
higher at 1514 kilometers. In orbit, the space- 
craft’s velocity varies like that of a roller- 
coaster — from approximately 9000 mph at 
periapsis to about 800 mph at apoapsis. The 
trim: burn was performed at periapsis in order to 
reduce the spacecraft’s velocity and thereby the 
orbital period. 


Trim to Mission Orbit 


The trim maneuver was_ successfully 
performed at 10:44 AM PDT* Monday morning, 
June 21. It required an 80-meter-per-second 


Orbit geometry for the insertion and mission orbits is illustrated here. Viking 1 completed only one 
revolution on the insertion orbit before the trim maneuver placed it on the mission orbit. The tick 
marks indicate spacecraft flight hours with periapsis as the zero point, Additional information at 
selected points along the insertion orbit indicate where the spacecraft was that day relative to Earth 
Pacific Daylight Time. A complete revolution of Mars on the mission orbit takes 24.6 hours, the length 
of a Martian day. The orbit is synchronized with the landing site in that the spacecraft will pass over the 
site once a day near periapsis, allowing maximum resolution orbital photography of that region for site 
certification and surface-data (after landing) correlation. 
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* . - 
The times indicated for mission events have been translated to Earth-received times — real-time for the events Is 
18 minutes earlier at Mars, requiring that amount of time for transmission to Earth at the speed of light. 





burn lasting 132 seconds, and consumed a third 
of the remaining 425 pounds of propellant. 
During the maneuver, the apoapsis was lowered 
from its insertion orbit altitude of 50 300 kilom- 
eters (31 255 miles) to the mission altitude of 
32 800 kilometers (20381 miles), with the 
periapsis remaining unchanged at 1514 kilom- 
eters (941 miles). Once the trim was completed, 
Viking 1 was in a 24.6-hour orbit that will pass 
the spacecraft over the Viking 1 prime landing 
site in Chryse. The landing site will then be in 
view on each subsequent revolution near its 


MARS 1976... 


Surface and 
atmospheric brightenings, 


No dust storms, 
Water-ice fogs. 


lowest altitude. The first landing site certifica- 
tion pictures will be taken Tuesday for trans- 
mission back to Earth late Tuesday afternoon. 
The mission orbit is still being evaluated for 
accuracy, but indications are that it is well 
within the nominal design. 

With the completion of orbit insertion and 
trim, the baton has been passed. The Orbiter has 
performed the critical part of its transportation 
task with remarkable perfection, and it is the 
Lander’s turn. We are now only 13 days away 
from our first landing on Mars. 
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FIRST HIGH RESOLUTION 
PHOTOS OF CHRYSE 


Presented in this issue of the status bulletin 
are a group of the first high resolution pictures 
of Mars taken by Viking 1 near the end of its 
first and second mission passes, P3 and P4. The 
use of ‘’P’”’ and a number is the designation for 
the periapsis (low point) on the orbit and its 
sequence. PO was the point at which the first 
revolution following MOI began. P2 was the 
point at which the trim maneuver was per- 
formed to place the spacecraft on its mission 
orbit, and P3 — at the other end of the revolu- 
tion starting with P2 — was the point near which 
the first pictures were taken. 

These frames were acquired as part of the 
Viking 1 landing site certification work now well 
underway for site A1 in the Chryse region 
(19.5°N, 34°W). The spacecraft is near periapsis 
(lowest orbital altitude) as the landing site is 
photographed, and these pictures are therefore 
representative of the best resolution now 
possible. 


Resolution is exceptional, but it should be 
remembered that the very smallest craters visible 
are about the size of a large football stadium. 
The spacecraft and ground equipment imagery 
systems are working better than expected at this 
point, with the probability that quality will 
improve with experience and operational refine- 
ments. The features being resolved are thought 
to be significantly smaller than those resolved by 
Mariner 9. This is the result of an improved 
camera system, considerable refinement of the 
ground equipment, and a clearer atmosphere on 
Mars which does not appear to hold a great deal 
of dust in suspension &s it did in 1971. 

Some rather dramatic surprises were 
discovered in pictures taken on the very first 
pass — and, in fact, in the very first picture 
reconstructed at JPL. Because the total area 
under study is still very incomplete in terms of 
photo coverage, no attempt will be made at this 


time to provide in-depth interpretation com- 
mentary. Site certification will continue to 
require an expansion of both the photo coverage 
and associated interpretive information, and 
these three aspects will be correlated in detail in 
an upcoming issue of the bulletin. 


The crater Yuty was one of the more dramatic 
features seen by Viking 1 during its first photo 
reconnaissance of the Al landing site area in the 
region known as Chryse. Yuty is 11 miles across 
and the ejecta flows produced by the impact of 
the meteorite are layers of broken rock and 
other debris. The leading edge forms a ridge as 
on the flows of great avalanches on Earth, Wind 
erosion has worn the area down, and water 
erosion may have been responsible for some of 
the features. Viking 1 was at a range of 1196 
miles when this picture was taken. 
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Channel features that strongly 
suggest the flow of water or 
fluid on the surface of Mars 
are strongly in evidence in 
nearly all of the pictures of 
the channels. Flow lines are 
seen in many places on the 
floor of the channels, water 
lines can be seen on the 
“Gslands,” and partially miss- 
ing craters and knobby pro- 
tuberances suggest the involve- 
ment of a_ strong surface 
erosion process such as what 
might be produced by the 
flow of water. 








The two frames below overlap one another. What clearly looks like an island in a dry river channel, complete 
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with water lines, is seen in the lower center part of the combined picture pair. The frame at the right was the 
first picture to be reconstructed and viewed at JPL, and its appearance on monitor consoles brought excited 
cheers from Flight Team engineers and scientists. The unusual features along the edge of the channel, and seen 
later in other pictures, were a surprise and will be shown again in another picture. Though transmitted first, the 
frame at the right was the 33rd of 58 pictures taken during a seven-minute period on the spacecraft’s first pass 


over the Al area. 










This frame looks down on the exact center 
of the Al landing site. The photo covers an 
area of 775 square miles, and was taken 
from a range of 965 miles. While the excel- 
lent resolution of the pictures provided 
substantial new information about the 
landing site area that gives the site certifica- 
tion process additional concern, a substan- 
tial portion of the area is still relatively 
smooth and is being evaluated for landing 
safety. There are several possible targets in 
the landing area defined for Viking 1 on 
the basis of Mariner 9 photos taken in 
1971, and these are now being studied 
intensely to determine which will be safest 


for the planned July 4th landing. 








The floor of the channels in the 
Chryse region revealed irregular de- 
pressions like these — similar to the 
ones seen along the edge of the chan- 
nel in the frames on the opposite 
page. They are lower than the sur- 
rounding terrain, and their relatively 
sharp edges suggest that the material 
was somehow etched — either by wind 
or water — from the crust of the chan- 
nel, While cratering is infrequent in 
the channels, relative to older cratered 
terrain, the fact that many are seen 
suggests that any water flow on the 
surface of Mars must have occurred in 
the very distant past. Some of the 
craters are secondary craters created 
by ejecta from primary craters some 
distance away. A few are suspected of 
being volcanic in origin. Also note the 
light colored line running northeast 
from the lower left corner. These are 
not understood, but are not uncom- 
mon and may be associated with 


faults. 





The question concerned with what might 
have caused the river-like channel features in Ml. 
Chryse seems all but fully answered by the CAL 
pictures taken during Viking 1’s first two , 
high-resolution passes over the region. The 
features look more and more fluvial in struc- ! Pr 
ture as their pictorial form takes shape on es 
the tables of the Orbiter imaging team at 
JPL and the U.S. Geological Survey team at 
Flagstaff, Arizona. 
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The current flow appears to have been 
northerly and quite strong — strong enough 
to erode grooves and layers from the large 
island-like and crater features resisting in its 
path. Along the edge of the main channels, 
smaller eddy le Ho can also be 
seen — again suggesting a strong fluvial cur- 
rent. This picture contains six frames 
acquired during the P4 reconnaissance of the 
A1 landing site area. 
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VIKING 1 LANDING DELAYED, 
SITE CERTIFICATION 
RECONNAISSANCE EXPANDING 


A growing concern about the unexpected 
variety of terrain features in the preselected A1 
landing site area has prompted the Viking 
Project Manager to delay the landing of the 
Viking 1 Lander on Mars. While the area has not 
been ruled out as a possible landing site, the site 
certification team has chosen to broaden its 
knowledge by examining other landing site can- 
didates in order to better understand Martian 
geological shaping processes and their surface 
dispersion, and to determine the relative safety 
of those sites in comparison to Al. This 
expanded study necessitates a landing delay of 
at least five days to a week, and possibly by two 
and a half weeks, beyond July 4. The spacecraft 
continues to perform perfectly. 

The decision to do this, James S. Martin, 
NASA’s Viking Project Manager said at a Sunday 
morning news conference, rules out the oppor- 
tunity to land on the 4th of July as originally 
planned. He explained that the conclusion was 
not reached on the basis of any one factor, but 
was agreed upon only after a concentrated effort 
had been made to assess the total impact of all 
the data acquired during the reconnaissance of 
the Al site — a study that revealed substantially 
more surface detail and texture than had been 
anticipated. Because of these surprises, the site 
certification team determined that it would be 
wiser to broaden the baseline of the information 
being studied by adding new information from 
other preselected and proposed sites. 

The initial part of the decision included a 
plan to look carefully at a region adjacent to the 
A1 site and closer to the central basin of Chryse. 
This is the area which may have served as the 
central depositional area for sediment carried 


from the highlands through the channels photo- 
graphed during the evaluation of the A171 site. 
Observations of the Chryse basin were com- 
pleted in two passes, P8 (June 27) and P10 
(June 29) — both sequences have been acquired 
and transmitted to Earth, and are under study. 
The spacecraft’s orbit has not been changed, and 
it has had to view the basin from a greater angle. 
Because of the oblique viewing angle, the first 
set of pictures covered a greater area per frame 
than each of those acquired during the A1 obser- 
vations last week. The second look at the basin 
presented an even wider view per frame and 
essentially mapped the middle basin area 
needed — where Viking geologists feel smoother 
aeolian (wind blown) terrain will prevail. 


In addition to the reconnaissance of the 
Chryse basin adjacent to the A171 site, Viking 1 
has tilted its cameras toward B1 — the primary 
landing area for Viking 2, and C1 — an alternate 
candidate for Viking 2. Both were preselected in 
the same manner as A1. If all of these observa- 
tions indicate that the Viking 1 photo reconnais- 
sance of Mars is revealing a consistent increase in 
the threshold of surface roughness around the 
planet, as a result of the increase in photo resolv- 
ing power, the decision may yet be made to 
return to the plan to land in a revised target 
within the original Al area. Were that to be the 
case, the landing could occur on July 9 at about 
10:00 PM PDT. However, if the decision was to 
“walk’’ the spacecraft to a new sync orbit for 
either the proposed Chryse basin site or to the 
preselected A2 site (a backup site for A1) near 
Isidis Planitia, a landing could not occur until 
July 21st for the A2 site —or until July 22nd 
for the Chryse basin site. 
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JULY 1, 1976 


NEW LANDING SITE ANNOUNCED, 
TENTATIVE LANDING PLAN OUTLINED 


Dr. James C. Fletcher, Administrator, 
National Aeronautics and Space Administration, 
joined Viking Project Manager James S. Martin 
in announcing the start of preparations to 
maneuver the Viking 1 spacecraft over the newly 
proposed A1-NW landing site. The announce- 
ment was made at a noon press conference 
Thursday, July 1, after a long night of photo 
evaluation and interpretation of pictures of 
Viking’s ‘‘Northwest Territory.” 

Dr. Fletcher expressed optimism for the 
probability of landing at the A1-NW site July 17 
on the basis of data thusfar available. James 
Martin also expressed satisfaction with the 
encouraging information being gathered in 
reference to the site, but added that ‘‘we still 
have several gates to get through before the land- 
ing can occur.” 

He expressed appreciation for a suggestion 
by Dr. Robert Hargraves of Princeton, Team 
Leader for the Lander Magnetic Properties | nves- 
tigation, which triggered interest in the Chryse 
basin near which A1-NW lies. Dr. Hargraves was 
the first to suggest, at seeing the worrisome 
etched features in the dry river channels, that it 
might be wise to look for the depositional 
(settling) area for the sediments washing down- 
Stream from the scablands. “‘Dr. Hargraves 
kicked off the process that got us where we are 
today,’ the Project Manager said. 

Dr. Hal Masursky, United States Geological 
Survey, leader of the site certification effort, 
said that the vote by the group — which includes 
an extensive representation from all parts of the 
Flight Team — was unanimously in favor of the 
A1-NW decision. He explained that crater den- 
sities in the area were significantly lower, and 
that the rough fluvial features so predominant in 





the original site near the mouth of the channels 
had essentially disappeared — to be replaced by 
smoother plains and aeolian features in the 
basin. 

Dr. Masursky explained that an exhaustive 
effort had been made by the Orbiter Imaging 
Team, with help from other teams and an 
enthusiastic group of college interns, to count 
and evaluate craters, interpret features, and 
extrapolate geological processes and their Viking 
implications. 

The decision to begin preparations to move 
the Viking Spacecraft to a new sync orbit for 
the A1-NW site is only the first step in a ladder 
of option-decisions. It rules out a July 9 landing 
in the original A1 area and sets into motion a 
landing timeline for A1-NW, but a number of 
critical option gates must be crossed before A1, 
A2 or any other proposed site is fully ruled out 
in favor of Al-NW and the July 17th landing 
date. The timeline for the July 17th landing, if it 
progresses on schedule, is presented here. 


Timeline of Events for Landing at A1-NW 
July 1&3 





Comparative evaluation of C1 (Capri) 
Viking 2 site. 


July 2-5 Radar coverage of A1-NW by Arecibo 
station in Puerto Rico. 

July 5 Engine burn to provide orbit phasing 
maneuver. 

July 8 Mars Orbit Trim (MOT) to syne with 


A1-NW (50 meters per second). 
July9&11 Photo coverage of A1-NW site. 


July 13 Final landing coordinates. 
July 14-15 = A1-NW weather observations. 
July 15 Lander checkout. 

July 16 Separation — midnight PDT. 
July 17 Landing — 3:00 AM PDT. 








VIKING PROJECT OFFICE 
Langley Research Center 
Hampton, Virginia 


Recorded Mission Status (213) 354-7237 
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VIKING MISSION OPERATIONS 
Jet Propulsion Laboratory 
Pasadena, California 


Status Bulletin Editor (213) 354-7873 





As this mosaic shows, Viking’s “Northwest Territory” offers visual encouragement for a safe landing in comparison to the 
eroded and etched fluvial region near the mouth of the channels that empty into the Chryse basin. The islands and scablands 
are gone, knob features are fewer and more subdued, the crater population is lower, and there is evidence of an aeolian (wind) 
process in the region. Many of the craters look younger and fresher in A1-NW when compared to those in the original A1 site. 
The Chryse basin is two to three kilometers below Mars’ mean elevation, and therefore has a higher atmospheric pres- 
sure — perhaps seven to eight millibars (enough to allow water to liquify, if frozen on or under the surface, when it is warm 
enough). Viking scientists have speculated about the possibility of permafrost vaporization in association with meteoric 
impacts and the unusual ejecta blankets around such craters. The concept suggests that water vapor would serve to make the 
atmosphere briefly denser during the outflow of the impact shockwave carrying the ejecta debris. This might produce a 
pressure flow that behaves like a liquid with the debris, creating the flow-like lobes on the ejecta blankets. Though the landing 
coordinates are not firm, they are generally centered at 23°N 43°W approximately 300 kilometers (185 miles) northwest 
from the original area. Each frame covers an area of about 31 by 37 miles. 





